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PREFACE. 


Thk following little work is intended to have a twofoU 
olgeot-*both to explain and illustrate the use and applicatioi 
of logarithms (or the practical calculator, and to set forth am 
demonstrate their nature and properties for the Mathematica 
student. While, therefore, the Theoretical and Practice 
parts have been kept distinct, so that either might be sepi 
rateljr studied or referred to, they have been so written wit 
reference to each other, as to form but one connected treatisi 
which the student, who really wishes to become thorough) 
acquainted with the subject, should entirely peruse. Fo 
although a knowledge of their mathematical properties is n< 
essentiil to a knowledge of their use, yet they are so ini 
mitdlx oonnaoted, that the acquirement of one greatly fad 
tatas the soquirsment of the other. 

H. L. 


Ou> WamoB, 9ik Jul$, 1860. 
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BUDIMENTABY TREATISE 

on 

LOGARITHMS. 


CHAPTER I. 


EiSfianatUm and Definitions of Logarithms* 


Ths word Logarithm is derived from two Greek words (Xoyof, 
ratio t and number), and aignifiee the ratios of num- 

bers, 

Bj the ratio of two numbers, or the proportion which one 
number bears to the other (the two terms being sjrnouvmousl, 
is meant the magnitude of the quotietU arising from the divi- 
sion of one number hj the other. Thus, the ratio of d to 0 

is expressed by and any other two numbers wotdd be said 
to have the same ratio when the quotient arising from the 
division of one by the other was the same; so, A being equal 
o 

to 4 is said to have the same ratio to 12 that 2 has to 0. 
6 

This is frequently written — 

4 : 12 : : 2 : 6 


and is read, as 4 is to 12 so is 2 to 0; it signtfles nothing 
more than that the ratio of the two first numbers is the same 

ii of the two last, or that A .b 

12 6 

A series of numbers is said to be in cantmued prpportUm 
irhen the mtio between each two consecutive numbem is the 
Hipe^ tbus "- 


2, 6, 18, 64, 162, 
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an in eontintwd pioportkiD, becann the ntios of 3 to 6, 6 te 

18, re to 64, and 54 to 163, at 1. an all 

0 18 54 loS 

afoal. Now, the ratio of d to 18 is made op of the ratio of 
d to 8 and 6 to 18 ; hot as these are equal, it is twice the 
ratio of 2 to 8^ so, in like manner, the ratio of d to 54 is 
three times the ratio of 3 to 6; and the ratio of d to 16d is 
fonr times that of U to 8. 

In order to examine some of the properties of a series of 
numbers in continued proportion, let us take the following, 
which is a more extensive series than the preceding 

1, % 4, 8. 16, 8-2. 64, 128, 266, 612, 1024, 2048 ... (A), 
•0.1,2. 8. 4. 5. 8, 7, 8. 9, 10, 11 . . . (B). 

and let us place under each term in this series a number ex* 
pressing bow many times the ratio of 1 to 2 is contained in 
the ratio of I to that term ; we see at once that under 1 we 
must place 0, and under 2 we must place 1 ; also, since the 
ratio of 1 to 4 is twice that of 1 to 2, under 4 we must place 
2, and since the ratio of I to 8 is three times that of I to 2» 
under 8 we must place 8 ; and, proceeding in a similar man* 
ner, we shall obtain the numbors in the second line above* 
Now, the numbers which we have thus placed under the terms 
of the proportion are logArUhm$ of those terms, and mr§ $o 
cidUd £$cam$ th*y wprm Iks number of roHoi of ttit% to the 
fint term contained in the ratio of unitjf to the temt under 
wkiok they are placed. 

The numbers oomporing a series in continued proportion, 
similar to the above, will, on examination, be founa to be de* 
rived from each other by the continual multiplication of the 
pvsvioiis term by some ooostant number ; thus, m the 8rsl 
aeries, 8 is derived from 2 by being molti|died l^ B, and in 
1^ manner 18 ia obtained from o, and 54 from 1#; so in 
the second series, the constant multiplier is 2, each term behy 
derived from dm prsceding by moltipliostioil by that nitm* 
her. A series of numbers thus obtained by the oontinual 
mufr^ieorion of its terms by a constant number is called a 
esDSi^t^irrist.'SuohiitheBeri^ wbileaaeries 

m whidi the Imms are derived the conlinusl additkm of a 
oonatant number is termed an emtkmeHeal mm, an oxamplo 
of which is affiudod by the serks (B) above* 

Itsp^ whatsvmr the iiu«d>sr may be by tiie eontbiiial onl* 
dnmUm of wfaieh Iho yeometrumi $erk$ k ibrmad. if dm 
tdpii oommoneea with unity, and under it is wri tten tlm 
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dfltlLfiMtieal tmet formed hy the continued addition of unity, 
oomtnenciiig with the cypher, then will the numbers in the 
lower line express the number of ratios of unity to the first 
tenn, of which the ratio of unity to all the other terms is 
made up, and therefore they will be the lo^rithms of the 
numbers in the line above them. For example : — 

1. 3, 9, S7. 81, 
ofwhiohO. l.a, 8. 4. 

So, 1, 7, 49, 343, 2401 ("• ‘V “'•**«■* 
of which 0, 1, 3, 3, forming an arifh^ 

iid 1^, 1, W. 100, 1000, 10000 ■ 

.Irtish 0, 1, a, », 

Now, from the very nature of a geometrical series, it fol- 
lows, that its terms are all powers of the constant number by 
the multiplication of which they are produced, and therefore, 
in place of writing the numbers themselves, we might intro- 
duce the expression denoting the power, without actually per- 
forming the multiplication, and we should thus obtain for the 
three ^metrical series above, writing them vertically instead 
of in horizontal lines*, 

Km. Logs 
1 « 3 ® 

3 » 3 1 
9 « 3 ® 

37 = 8 » 

81 =B 8 ® 

348 «r 8 ® 

In these we perceive immediately that the numbers denot 
ing the powers, or, as they are termed, the indices or eaptmsnX^ 
of the powers, are the same as the arithmetical series givei 
above, and that they are therefore Uie logarithms of the num 
bers in the first columns. The constant number, of whid 
the poweni are successivelv taken, is termed the toot or radie 
and rsmy have any value that we please assigoed to it. Thni 
we derive another definition oi a logarithm, which may be d< 

V If oniM be bonie la nind tbat •» 1, imd a} » a, wbstever fiM tah 
ileway be. 

» 3 


Koft, Logt. Km. Loga. 

1 = 7 ® 1 « 10 ® 

7 « 7 * 10 « 10 » 

40 «* 7 • 100 as 10 • 

348 7 • 1000 sa 10 ® 

3401 a= 7 ® 10000 aa 10 ® 
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lertbed m tftf M^^ oru^Km^nt, to whkk a eorimmfootoritm 
nmt b0 mooiood, m ardor to ho ofual to tko mmbor of wkkk H 
ii tho hgmrMtfk It is, therefore, evident thet ft given ntm* 
her nw hftve any number of logarithms oorresfmdiiig inlh 
it; or that the tame logarithm may serve for seveml dinenml 
namb^ aooordtng to the value assumed for the base er reel 
to he involved, or what is the same thing, the common ratio 
of the geometrical progreesionv. Thus, in the examples 
above, the bases or common ratios are 8, 7, and 10. 

We have, therefore, three distinctly different definitions 
which may he given of logarithms, depending upon the 
. iicular way in which they are regarded, and we shall recapitu- 
late these definitions, before proceeding farther, in order to 
insure their being thoroughly understood. 

1. The logarithm of a given number is the number of ratios 
of some assumed constant number to unity, contained in the 
ratio of the given number to unity. 

% Logarithms are a series of numhen in arUhmotieal pro- 
pnmon, answering to another series of numbers in peometri- 
eal proptmion; so taken that 0 in the first oorrosponds wkh 
1 in the latter. 

8. The logarithm of a number is the index or eiponeat of 
the power, to which a mven constant base or root must be in- 
volved, to be equal to that number. 

Whichever of these definitions may be adopted, the same 
genera] pronerti 68 ma^ be deduced ns ^longing to logarithms; 
we shall, nowever, in the following pages, consider them 
under the notion involved in the third definition, as the ex- 
ponents of the powers of some constant root. And, in order 
to a more perfect conception of the su^ect, we shall first con- 
sider the properttee of the exponents of powers genemlly. 


CHAPTER It 


On ike EmpemmU of Powers. 

la algehia, the powers of a qmntity, or the nnmber of Hvm 
that that gusnuty has bemi emnloyed as a factor to produoe 
a givmi are denoted hj that number bmng written 

^ fistpSiv 18, 





S 


mmemlmA to tihe fight «iid ihote the namher or fetter ex* 
p^eeetng the enamel quantity or root of the pofret. l%ue, 
the square of 6 u written 6'^; the cube of ; an4 the fifth 
power of 12, 12*. In the first example, ss 6 enters twice ss 
a factor, it is called the second power, and is denoted by 2 
written over Uie fi ; in the second example, as 0 enters three 
times as a fimtor, it is called the third power, and is denoted 
by a fi written above the x; and in the last example, as 12 
enters five times as a factor, it is termed the fifth ^wer, and 
is written 12\ The number thus placed over a number, to 
denote the power to which it is required to be raised, is 
termed the index or exponent of that pwer; as the former of 
these terms is sometimes employed in a different sense, to 
avoid ambiguity we shall use cmly the last. Thus, in the 
foregoing examples, 2, d, and 6 are the exponents of the 
powers, to whi^ the quantities 6, 0 , and 12 are to he re- 
spectively raised or involved. 

Frequently letters are employed imitead of numbers as ex- 
ponents of powers ; thus, of denotes that the quantity repre- 
sented by « is to be raised to the power represented by a ; 
and that the quantity 6 is to be raised to the power of n, 
or the nth power, ITie quantities, as « or 6, in the foregoing 
examples, which have to be involved, or the powers of wliicli 
are to be taken, are termed the roots or bcuee. 

When it is desired to multiply any two powers of a quan- 
titv, a very little consideration will show that their product 
will be eqmd to a power of that same quantity, whose exponent 
is the sum of the two exponents of the powers to be multi- 
plied. For, let us suppose the powers to be multiplied to be 
#* and x\ then x' = x-x.Xy and x^ ^x.x, therefore, 3 ^ x 
sax,x*x»x,x SOS tlic €9C|K>nent of which 5 is equal to 
3 -f 2, Uie sum of the exponents of the two factors. And the 
converse of this rule holds good, for if it is required to divide 
a power of a given quantity by any other power of the same 
^ntity, it is only necesssiy to subtract the exponent of the 
divisor from the exponent of the dividend to obtain the ex- 
ponent their quotient Thus, let it be required to divide 

ar’ by we have ✓ ^ 

x.x 

the exponent of wMch is equal to fi — 2, 

Lei ns next examine the value of the power of a power; for 
Ittstanoe, the square of In this esse, we see at once dial the 
sqmiw of is nothing more than# moltiptied hj itsetfytodby 
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our former rule for the moltiplicatioo of powers, wo hare ^ x 
^ xsB, if we had required the cube of it would hare been 
# . . ** «# and for every higher power of «• we must add 
aQ<Hlier d to the exponent ; it is therefore obvious, that as the 
exponent of the ori^nal power has to be taken as many times 
as the exponent of the power to which it has to be rais^ that 
the new exponent will be equal to the product of the other 
two ; thus, in the above examples, S x it =» 6, therefore (ar*)' 
«* sj*, and B X 8 ses 9, therefore The converse of 

this rule also holds good, for if it is required to extract any root 
of a power, we have only to divide the exponent of the power 
by the exponent of the root, to obtain the exponent desired. 
Thus the square root of is 4?*, because 4 -r 2 =» 9 ; and the 
square root of is ar*, because 6 -r 9 s=s 3. 

The four processes which we have here described are those 
which are of the most frequent occurrence, and as it is essen- 
tial that they should be perfectly comprehended before enter- 
ing on the use of logarithms, we shall recapitulate them in the 
form of rules. 

1. The multiplication of the powers of any quantity is per- 
formed by tlie addition of their exponents; that is, af x 

j-B + 

U. The division of the power of a quantity by any other 
power of the same quantity, is performed by subtracting the 
exponent of the divisor from the exponent of the dividend ; 
that is. -f- a?*** as - «>. 

S. The involution of any power of a quantity to some power 
is performed by multiplying its exponent by the exponent of 
the power to which it is to be raised ; that is, tlie nth power 
of af* is 

4. The extraction of tlie root of any power is performed by 
dividing its exponent by the exponent of the root required ; 

m 

that b, the nth root of a;* is «** . 

In the last example we have an exponent differing fiom 
any which we have previously met with, namely, a /raetumal 
exponent ; its use, however, in that example sufficiently ex- 
plains its meaning, which is. that the quantity to which it ia 
attached is to be raised to the power oeuoted by the name- 
mtor of the fraction, and is then to have the root extracted, 
which is denoted by the denominator of the same; or, the 
prooeeaee may be reversed, and the root hret extnu^ed, 
and them tiie power raked, since the order in which theee 
tqperatfona are performed makes no difference in the ffn*! ire* 
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•ult. For example, let w above equal 4, m equal 3, and n 

~ » 

equal d ; then =s 4*, and if we take the cube of 4, which 
equals 64, and extract its square root, we obtmn 8 ; or, if we 
first extract its square root we obtain 3, the cube of which is 
also e^ual to 8« And therefore we perceive that the final 
result U the same, whichever process is first performed. 

In the example to the second rule, namely, «^’*~**^ ac«^; 
if m is less than n, then the exponent r is a postnW number, 
and is termed a direct power of x ; if, however, m exceeds 
It, then will r be a negative number, and in this case is 
termed an inverse power of x. In order to arrive at a correct 
idea of the value of an inverse power, we will take a direct 
power, and successively divide by its root, or subtract unity 
from its exponent, until we obtain a negative value ; thus, let 
us start with Uien — 


«o-i 



sa # 

as ] 



=s 


i-l -I 



.-a-l ass 



1 






or, in more general terms, as -i ; that is to say, the in- 

verse power any number is equal to unity divided by the 
direct power with an equal exponent. 

This last rule holds equally, when tlie exponent of the in* 
verse power is a fraction, as it does when an integer; thus, 

-L 1 

sr - is equal to unity divided by the nth root of x, or to-**-,* 

We have then four different forms in which an exponmtt 
my be presented. 

1. The positive integral exponent, as which denotes the 
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ikkt ntli vomt of or, and is equal to ito prodiiot ariabig b0m 
tke multiplication of n factors, each equal to or. 

d. The nsgative integral exponent, as which denotes 
the imme nth power of w, and is equal to uii% divided n 
tiines by m. 

8. ThapoMCm fractumal exponent, as which denotes 
the direct nth root ofw, and is equal to a mumtitj which* being 
multiplied n times itself, shall be equm to w. 

4. The negaUve fraethnal exponent, as which denotes 
the ini>er$e nth root of w, and is equal to unity divided by ^e 
dtreot nth root of x. 


CHAPTER III. 

Of various Systems of Logarithms, 

Wx next proceed with the consideration of logarithms, 
under the view suggested in the third definition given of them 
in the first chapter, as the expnents of the powers of some 
constant number, taken as a Imse for the system. It was 
there stated that any value might be assumed for this base; 
two only have, however, l>een employed, namely, ‘4-7182818 
and 10. The first was Uiat adopted by Baron Napier, the 
inventor of logarithms, and was employed by him in the first 
system of logarithms, which was calculated by Briggs. The 
reason why such an intricate number was adopteo, and not 
some simple integer, will be presently explained; it may be 
sufficient at present to state, that the system having this 
number for its Imse, being capable of being expressed more 
simplyr and calculated more easilv, than any other, was the 
reason of its adoption ; from which circumstance, t^y have 
also been occasionally designated the natural system of loga- 
rithms; they are, however, more frequently termed Napierestn 
or Hyperboiie logarithms. The latter term, derived from cer- 
tain relations, found t& exist between the logarithms of this 
system and the asymptotic spaces of the hyperbola, and whidi 
were believed to be jpeculiar to it, is veiy properly falling 
into disuse, since it is now known that the same property 
belonfls to eveiy system, the only difierence being in the an|^e 
indued between the asraptotes, which depends upon 
varies with the value of the base ; for in the system of v^cb 
we ars now speaking, in which the base equals 2*7182818, tlm 
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4 M 7 Ui})toteft are at ri^t angles to each other ; in the other 
agrstem* having 10 for its base, they make an angle of )25''*7404. 

It was soon perceived by Briggs, who had calculated the 
hrst table of Kapierean logarithms, that several important 
advantages were possessed by a system of logarithms whose 
base was 10; he consequently proposed it to Baron Napier, by 
whom it was adopted, and it is now universally employed for 
the purposes of calculation ; although the Napierean loga- 
rithms are always employed in the Differential and Integral 
Calculus, and the other higher branches of analysis. 

The logarithnfs of any particular system are immediately 
reduced to those of any other system, by merely being multi- 
plied by a constant number, whose value depends on the re- 
lative values of the bases of the two systems. Thus, the 
logarithms belonging to the common, or as it is sometimes 
termed Briggmn^ system, whose base is 10, are converted 
into the Napierean, whose base is ‘^*71828, by being multi- 
plied by ^2*60^5851, while the Napierean are reduced to the 
Briggean by being divided by the same number, or, what is 
the same thing, being multiplied by its reciprocal 0 4B42045. 
We shall not stop here to prove this, or to explain its reason, 
ns it would involve considerations with which the student is 
supposed at present not to be acquainted ; its demonstration 
will be given in a subsequent chapter*. 

We shall now proceed to explain why the hose of the 
system was altered fmm 2'718d8 to 10. and to point out the 
advantages thereby attained. 

In the tables below we have given the numbers whose 
logarithms are the first six integers in both systems, the 
left-hand table being taken to the Napierean base, and the 
right-hand to the boM of 10. 


Hof. Btse. Logs. 

J OG = 2*71828 • 
2*72 « 2-71828 » 
7-89 w 2-71828 * 
20-09 ax 2-71828 » 

84 80 « 2 71828 ♦ 
148-41 as 2-71828 « 
408-48 » 2*71828 • 


Ifoa BtM. Logs. 
1 = 10 ® 

10 « 10 ‘ 
100 s* 10 * 
1000 « 10 * 
10000 « 10 ♦ 
100000 «« 10 * 
1000000 » 10 • 


By reference to the right-hand table it will he seen thal 
the common logarithm of 1 is 0, that of 10 is 1, and of 100 ia 


• See 


22 . 
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it is requisite, boweyer, far the pQr]^e8 of general eotnpiih 
tadon that we should know the loganthms of all the inter- 
mediate numbers included between these, as from 1 to 10, 
from 10 to 100, and so on. Now, since the logarithm of 1 
is 0, and of 10 is 1 , it follows that the logarithms of any in- 
termediate numbers, greater than I, but less than 10, must 
be some fraction, whose value lies between 0 and 1 ; and in 
like manner that, since the logarithm of 100 is 2, the loga- 
rithm of any intermediate number between 10 and 100, must 
have a value between I and 2. Interpolating, therefore, these 
fmctbnal values of the logarithms of the intermediate num- 
bers, we obtain the following series : — 


Not. 


Lofft. 

Not. 



Logt. 

1 = 

10 

0i)0u00 

li 

ss 

10 

1*04130 

2 = 

10 

0*30103 

12 

sst 

10 

1*07018 

8 = 

10 

0*47712 

18 

=: 

10 

1*11304 

4 

10 

0*ti02(« 

14 

s=r 

10 

1*14613 

5 SB 

10 

0*6Ufi7 

15 

ss: 

10 

1*17000 

6 SB 

10 

0*77815 

10 

ss 

10 

i-aHio 

7 «= 

10 

0*84510 

17 

sss 

10 

1*23045 

8 S8 

10 

0*0(0110 

IH 

ss 

10 

1*25527 

0 SB 

10 

0*05424 

19 


10 

1*27875 

10 « 

10 

l-OOKX) 

2U 

ss 

10 

1*30103 




(kc. 


&c. 



All numbers which are powers of 1 0, necessarily have in- 
tegers for their logarithms, but the logarithms of all the inter- 
mediate numbers are compounded of an integer and a decimal 
fraction. The decimal i>ortion is termed the mantissa, and 
the integer, which precedes it, is called the ifuUx, or ekarac^ 
Uruiict as, however, the former of these terms is frequently 
employed in a different sense, we shall here only use the 
latter. 

In the foregoing Table, if we compare the logarithm of 2 
with that of 20, we shall find that they only differ in the 
characteristic, the mantissa or decimal portion l>eing identical 
in both ; the reason of tins will be very evident, u we con- 
sider that 20 is 2 multiplied by 10, and therefore that the 
logarithm of 20 is equal to the logarithm of 2, with that of 10 
added to it, and, as the logarithm of 10 is an integral number, 
its addition only affects the value of the characteristic. In 
laot, the additimi of I to the characteristic is multiplying the 
number which it represents hy 10; in like manner, sddmgff 
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to the chaiNCteristic, is multiplying the number bj lOO, end 
80 on. Thus the logarithm 

Of a is 0*30103 ; 

Of 2 X 10 = 20 is 0*30103 -f 1 1-30103 ; 

Of 2 X 100 = 200 is 0 30103 + 2 «= 2 30103 ; 

Of 2 X 1000 = 2000 is 0*30103 + 3 =: 3 {10103. 

The mantissa, or the decimal portion of the logarithm, is 
always the same with the same figures, whether they are deci- 
mals or integers ; it is only the characteristic which changes 
its value, with a change in the position of the decimal point. 
The value of the characteristic of the logarithm of a number 
is always one less than the number of integers in that num- 
ber ; thus, in the alK>ve example, when the number is 20 the 
characteristic is I, when 200 it is 2, and when 2000 it is H. 

The characteristic, therefore, of the logarithms of all 
numbers 

Equal to, or greater than 1, but less than 10, is 1, 


10. 

100, 

.. 2. 

100, 

„ 1000, 

.,3. 

1000, 

„ 10000, 

4. 

&c. 

&c. 

Ac. 


By w^ay of further illustration, we will take the number 
67854, and successively divide it by 10, examining the change 
thus produced in the value of the corresponding logarithms : 

Not. Logs. 

67854 . . . . ra 4*831576 
6786*4 . . . = 3 831576 

678*64 . . . =2*831576 

67*854 . . . = 1*831576 

6*7864 . . xs 0*831576 

•67864 . . = 0*881670 - 1 

•067854 . . « 0*881576 -2 

*0067854 . = 0 831676 - 8 

Wa here perceive, as we have already stated, that, the 
figurea remaining unaltered, no change takes place in the 
moiftisM of the logarithm, Imt that as the number is success 
sively divided by 10, the value of the eharacUristie is 
dimiiasbed unit^. We see further that, when the num* 
her is wholly a decimal fraction, the characteristic of its loga^ 
nlhfa is negaims when the first figure after the decii^ 
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ppipt 18 « figure^, tbe ohaiscterktie of its !(^ 

rithm is — 1, i^ben & nought is interpo^ after the dedvatl 
so that the first sigmficant figure is the second decimal 
^ure, the characteristic is — 9, inth two noughts it is 8« 
and generallj, the characteristic of the logarithm of a ded- 
mal rraction is a negative number, greater by nnitj than the 
number of noughts following the decimal point Instead of 
writing, as we have above. 0*831670 — 3. the characteristic is 
placed to the left of the mantissa, with the negative sign 
above it, thus 8*831576. The native sign is plsc^ a6oes. 
instead of b^ore the characteristic, to denote tmt it is only 
the characteriitic and not the mantissa that is negative. 
Thus, the characteristic of the logarithm of 

*1 is 1. 

•01 .. 2 . 

•001 ,. 8 . 

*0001 4. 

&c. &C. 

Since the characteristic of the logarithm of any number 
does not depend upon the value of the figures composing that 
number, and is so easily found by attention to the foregoing 
rules, it is usual to omit them altogether in the tables of 
logarithms, and only to give the mantissa or decimal portion. 

It is only logarithms having 10 for their base which pos- 
sess this important property, of having the same mantissa for 
the same figures, and this was the reason of that number 
being proposed by Briggs for.the base of the common system 
of logaritnms. 


CHAPTER IV. 

Mode of eokulaHng LogarUkm$, and DemonUratwn of tkm 
Propertiee, 

Iw following Chapter the expressions, or fhrmuhB em- 
ploved lor the mdculmion of loganthms, are mathemitkalfy 
deduoad, and demonstrslions are given of all the funperriet A 
kgarithms mknod to in any c/tmr portion of the w^ 
iboseiiot fiuaaBiarvrithmariieittari^ inveatigatioa, the pr e sen t 


AUthemsMlsarv riptfowf %Bm, with ike i iw ip ewi ef tW cy|iter . 
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oiputted, as it is in nowise n eoe ssai y to the 
proper understanding of the remainder of the work ; the suk- 
ject would, faowerer, have been hardly complete iHthout it, 
and it was considered that a rimd demonstration wooM be fut 
more satisfiftctory to those by wl^m it could be followed, than 
a mere enunciation of the several propoaiUons without any 
proof ; and that, the reason of the several propositions and 
roles being understood, they would become much more firmly 
fixed in &e memoty, and their practioal applioatiou and 
adaptation to peculiar cases renderea far more easy. 

DEFINtnONS. 

1. The Potrer of a number or quantity, is the product aiis- 
ing from the multiplication of t^t number, any number of 
times by itself. 

d. The Root, or base of a power, is the number or quantity, 
by the continual multiplication of which by itself, that pouer 
is produced. 

3. The EjBpon4tU, or index of a power, is the number of 
times that the root of that power enters into it, as a factor. 

4. The Exponmt, or indix of a root, is the number of times 
that it must be employed as a factor, to produce a given 
power. 

5. A Logarithm of a numl>6r, to any base, is the index or 
exponent of the power to which that base must be involved, 
to be equal to the number. 

6. A Syetem of Logarithms, is the collection of the loga^ 
rithms of a series of numbers, taken to the same base. 

Scholium. The logarithm of any number, as x, to any 
base is expressed by log^ x ; in like manner, the logarithm 
of the same number, to any other base, as f, is written log« ar, 

7. A series of numbers is in Anthmstical ProgrmUm, 
when aadi number is derived from that which precedes it, 
by the addision of a constant number. 

ScHOTJUM. Such a series is eaUed an Aritkmatiiml Atmu, 
and a^ one of the numbers composing it, a Um. 

8. 1^6 Common D^ermce, k the constant nrnnher, by Urn 
oontlnusl addition of which, an arithmetical series is formeA 

9. A series of numberi is in Geomstrieol Progrexdon, when 
mbh number is derived from that which precedes it, by thi> 
mnUqtUee^on by a constant number. 

SoBoutTM. Sudi a seriei is called a Om moHic al 8erm, 

10. Ttm OeuMwefi RaHo, is the oonstaat ttumber, hf dm 
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• conUfiBAl Bmltiplication by which, a gaom^rioal aariaa la 
ibrmed. 

ScHOLfuif. In investigatioiui aimilar to the following, the 
term ioa^HeUnt is employed in a somewhat extended signifi* 
cstion, to mean any qoantity or expression (however compli- 
cated) by which the qoantity, more immediately under eon- 
isidemtion. is mulUpli^. 

Thus, in the expression. 


Hr-'). T(f->) (f-), 

" ' •r” _J_ — — 


the quantities 


are looked upon as the coefficients of and e* respectively. 

11. The CharacterUtic of a Logarithm, is the inte^pnd 
number, to the left of the decimal point. 

19. The MantUsa of a Logarithm, is the decimal number, 
to the right of the decimal point 

18, A Significant Figure is every figure but a cypher; the 
typher signifying no actual quantity, but being emplofsd 
only to determine the place of the other figures. 


Pboposition a. 


Theorkm. In an equation of the form 

A •+■ Bx *+• ....«•••• -f* Ac* as: 

a -f hw -f cw^ + <f x* -f -f Ac. 

ike eoeffieient of any power of x on one tide of the equation^ «t 
efutU to the eoeficimt of the Uke power of x on the other eide; 
^ixtt tf, A «> a. B a»4, acBx e, Ac. 

Because, in the above expression, the values of the ooeffi* 
dents are perfectly indepenaent of the value of a, thereibre, 
we may assume a to have any value we please, without de- 
stroying the equation. 

' XiSt, therefore, # mt 0, the equation then beeomee 
A OB a. 


Kow, aiiiee A and a on equal, we nu^ remove ihem foom 
^ ori^nal equation, which then becomes 

+ -f foe.* 

Adr -4- e 4* dsr* 4* *«« *4 Ae^ 
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Divkiiiig both sides by we obtain 

B'f'Cx+DjP** -4-... -f* &C. as 
h € X d *4* -4” dfc. 

And again, assuming x as 0, we have 
B t=6. 

And in like manner, it may be shown that C as c, D d, 

Ac. 

ScHOLinM. 1. The above Theorem i» true, whatever signs 
the terms of the equation may be affocleci with, provided only, 
that the tenna involving like powers of x, on the opposite 
sides, are affected with like signs. Thus, it is true if 

A — B X -4- C — D X* -4- ... — Ac. ss 
a — ^x + cx^ — dx* -f — Ac. 

or if, 

— A-4“Bx — Cx’H-Dx*— ... -4- Ac. a= 

— a -4- 6 X — c x^ 4- d x^ •— ... -p Ac. 

2. This Theorem also holds good when more complicated 
functions of x take the phice of x, x\ x\ Ac., provided oiily, 
that the same functions occur in the same order on opposite 
sides ; as for example, if 

A -f- Bx + ex'* -p 4- By* 4“ Fx** -f ... 4- Ac. as 

a4-6x4*cx'^4*dxy4*(fy* + f -h 4* Ac. 


Propositiok B. 

Problkk. To expand in terms of A, 

For b, substitute (1 4- y). then re (I -p y^^ ; expanding 

this expression by the Binomial Theorem*, it becomes 


I 4- Ay 4- A 




-y’ + x 


3.3 




(x-l).(x-3).(x-a) 

3.8.4 " ^ 


4- Ac. 


, a’-~a ^ — 4* . 


^ 11x«-.6a 
2.3.4 


3^ + 


4* Ac. 


* For A demoiutmtioii of ike Binomial Tb^' rem, iae tko Elemonts of 
Algobrn,* f* 148, by Mr, Ifaddmi. 
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= l + Ay + (^--)y^ + (^— ^+^)y' + 


\ *4 24 ■*■ 24 



•f- ifto* 


Arnmging this last expression according to the powers «f 
we have 

i^-l+x{y-iy’+ly’-iy* + ...-4c.} 

Or, if we pnt 

A«{y-5y+-gy'-Jy‘ + ...-*c.} 
C-J^y’-iy' + ...,- Ac.} 

we have 

*x I + A X -f B x’ + cx® + ... + Ac [1.] 

Now, in order to obtain the values of the oeeffieients B, C* 
Ac., in terms of A, let us put a for A x -h B x* -f C x* -f Ae., 
then the above expression becomes 

= 1 + a. 

« 

ExUaotk^ loot on both stdea, we havey 
h as:(l -f a)^* 

and inising them to the power r, it beoomee 

r 

tr»(| 
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8i^>mi i ag% llw Biaomial Tbeoren, «« haro 

+ -• + jt’ + — 


9.8 


»* + 




3.3.4 


*• + 


4" 


Substituting, in this expression, A x -f Bx* -f + dw., 
for My it becomes 

i + ^(AA + BA* + CA* + Ao.) + 


K;-‘) 


(AX -f Bx* -f Cx* 4- Ac.)* 4* 




3.3 


(AA + BA»+CA* + Ac.)* + ... + Ao. 


=S 1 + r (A + BX + CX’ + Ac.) + 

- (A + B X + CX* + Ac.)* + 

(A + BX + CX’ + Ao.>’+ ... + Ac. 

«• V 


If now we assume x s 0, this expression becomes 

A* f*® A* #** 

jr„i + Ar + ^ + ^+...+Ac. 

Whi<^ expression, being perfectly general, is tme whatever 
iralue is assigned to r; we may therefore substitote X for r, 
whence we obtain 

1+ A> + ^ A* + ^ X’ + ... + Ac. [9.] 

The Tiloe of A is abeedj known in terms of jr, hot as h » 
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1 4* Iff ihet^tt y «s lb and if tulistitiUe thk vdae &r 

y« we have 

A-{(6-l)-i(a-i)* + 

l(b-lf-\(b-\y + -*c.} [8.] 

Proposition C. 

Problem. From the equation 

= l +AX + ^X’+ .+ *0- 

to determine the value of x, in terme of h and n. 
lf» in the equation n = both sides are raised to Uie 

power of a, it becomes n'sa h^; then expanding a' in terms 
of as, we obtain (Prop. B, [*a] ) 

.- 1 +.,. + :^..+-^^ + 

in which (Prop. B, [8]) 

A,-{(n-l)-i(«-l)» +!(«_ l)»_ + ftc.J 

Also expanding in terms of x we have (Prop. B, [3] ) 

+ AX* +-y X»*’ + ^x»*'+ + Ac. 

If now in the equation 6 =s n*, we substitute the values of 
and n* obtained above, it becomes 

1 + AX* + 1 A’X**’ + 1 A’ X»*’ + ... + &o. 

*■ I + Aj* + g A,* +1 A,* *’ 4- ... + *0- 

Fidiu whkdi we have, bj Prop. A, 

A a SB A, 

A»a»«A,* 

A*a*aA,*, Ad. 
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From etch ef which we obtain 



Substituting for A| its value given above, and for A its 
value determined in Prop. B, [3], we have 

(» _ 1) _ l(ft _ 1)> + l(n _ If _ 4o. 

^ “ i i 

Scholium. Since sa n, it follows, from the definition of 
a logarithm, page 4, that X is the logaritlim of the number n 
to the base b. Now as b may have any value that we please 
assigned to it, and, as every different value of b gives a dif- 
ferent value of X, it follows that thore may be any number of 
logarithms corresponding with the number n, because any 
numbet of values may be given to the base h*. 

We may therefore assume such a value for b ns shall give 

A = I (6 - 1) - ^ (6 - 1)’ + i (6 - 1)’ - &c.} »= 1. in 
which case the expression [1, above] for the logarithm becomes 
X = («_1)_1(«_1)» + 1(»_1)’_ ... +4o.....[a.] 

This is the value for A actually taken W Baron Napier, 
and employed by him in his first Table of Logarithms, irom 
which circumstance, logarithms calculated to this base are 
termed NapUrean Logarithm, 


Pbopositiok D. 
Problem. In the equation 


4* djo. 


to determine the value of b, when A ts made equal to unity. 

Substituting tiie assumed value of A, in the above exprea* 
sion, it becomee 

• Seep^B. 
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»‘l-l+X + 5X* + ix* + ^X‘+... + *C 

Now, M this expression is true, whatever be the valoe of 
A i> tiw when X i, in winch case it becomes 

a — l + l + ^H-— + + *e 


From which expreesiofi, as it is rapid! j convergent, we may 
easily determine the vaiue of 6, to any requir^ degree of 
exactness. 

ScRomnr. The following is the calculation for the first 
thirteen terms. 

1 ^ 1 « d‘000,000.000 000 

iar -600,000,0001000 

^by a =« •160,666,666 667 
4 1» -041,666,666 667 
„ 5 as 008,388,338 338 

6«s •001,388,888 880 
7= -000,198,410 698 
„ 8 « *000.004,801 687 

„ 9 « •000,00-2.755 73^ 

„ 10 s« -000,000,076 573 
11 « 000,000,026 062 
.. 12 « -OfMl.OOO.OOa 088 
2-7 18.281, 8281286 

In vbiob the first nine decimals are correct. This num* 
ber is usuatlv denoted by f, and is, as stated in the scholium 
to the preceatng proposition, tbe base of the Napierean sys- 
tem of logarithms. 


PsorosiTiox P. 

Problem. To obtain a rapidly convergmt tarin, Jor eah 
tniating th^ logarithm* of namhar*. 

In the axpsesaion Prop. C, [1], if we put A inr ha eqnhw* 
lent value hi the denominator, we have 

+ *0.| [1.] 



on UKiAarmit«« HI 

Tbli osprenioii being true for nil values of n, we may put 
1 -I- m ae w, it then becomes 

log»(l +Ki)=si(m — + — ... +&C.) 

Again* if we put 1 — m r= n, we have 

log,(l — = ... — *o.) 

I^en, subtracting the second equation from the first, we 
obtain 

log,(l +«)_logt(l 

-x(— 

Now, let 1 I- m sex a, and 1 — ^ n o — 1, then we have 

} ^ 

I a - 1* 

From whidi we obtain 

1 

i' 

Sttbatituting this value of ei in the above eapreaeien* w« 
have 

I « I . I 

*® } 

a series whkli Is sankllv eonvenrina. 
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PROPosmoK F. 

Pboblrx. To nduee the logarithm of a eygtem having one 
baie, to thou having a different bau. 

We have, in Prop. E. [1], 

log,n « |[(»i - 1) - ^(«- 1)* + l(n - ly- ... + *c.| 

In which expression the coefficient — is constant for eveiy 

logarithm having h for its base, its value being entirely in* 
dependent of n (Prop. B, [3]); and we have further shown 
(Prop. D) that, when the base of the system of logarithms is 
taken equal to 2-718ii81828 = i, the value of A is reduced 
to unity ; in this case, therefore, we have 

log, n = (n - 1) - 1 (n - I)’ + 1 (n_ 1)’- ... + *c. [1.] 

This system, therefore, having f for its base, has been called 
the natural system of logarithms, because it can be expressed 
in terms of n alone, and has unity for its coefficient 
Now, we have (Prob. B, [3]) 

an expression from which, by comparison wth [1] above, we 
immediately perceive that log, ^ = A, or that the value of A, 

the denominator of the constant coefficient for any system 
of logarithms to the base h, is equal to the Napierean loga- 
rithm of 6. The constant ooeffieient 1 is called the modulue 

A 

of system to which it belongs ; and to reduce logarithms 
having one base to those having a different one, it is only 
necessary to divide them by the modulus of their own system, 
by which they become reduced to natural, or Napierean lo- 
garithms, and then to multiply them by the modulus of the 
system having the required hem *. 


8ft 9. 



m LoaAftmma. 


M 

PitoFosmoK G« 

Pbobuoi. To find the NapiortaH togoriUm of b, wWn 6 
oquali 10 . 

In the expression (Prop. E, [d]) 

« af 1 . 1 

- l“ AlSa - 1 3(aa- 1)* 

6(3 a — 1)’ *° } 

if we pot a ss 2, and bear in mind that, as we want the Na- 
pierean logarithm, the modulus equals unity, we obtain 

lofty-iog. a » a {1 + gi, + jig-, + ... + *c.} 

Performing the calculation, we have 

g =s •833,383.833,383 

» -013, 845,679,013 

8 0 

; . ^ * 000.898.046,968 
0 8' 

i.l » ooo.oos.sai.oss 

7 8^ 

i.^ » •000,006,645,030 
000,000,618,184 
000.000,048.948 

15 8“ 

i . L » 000,000,004,646 

16 8** 

•000,000,000,436 

•846,678,600,309 

3 


log,9» 0-698,147,180,418. 
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Now, 4 « iSlaeretm logi 4 « 2 logi 2 « 

Agaui» lot os put a SB 6, we have then 
log. J - a {J + + — + ^^ 5 -,+ ... + *e.j 

and, perfonxiing the ealoulatioo, we have 

g s 111,111,111,111 

J.i as •000,467.847,871 
8 8 

i . ^, = 000,008,887,017 

i.i» -000, 000,020.869 
7 W 

l.i« ‘000,000»000,286 

•11M71J76,654 

^ 

]og «2 «*^^3a4M51«d0d 

Now, the log! j as logi 6— log! 4; If, tbewfore, we add to 

logij d, as fbood above, we shall have 

*228,143,551,808 

1*888,294,8(10,880 

1*809,487, 912, 1*44 

equal the log^ 5 ; then, dace log« 5 ^ log. 2 ae }og» 10, we 
have 

1 809,487,912 + *898,147,180 « 2802.585.092, 
whioh is the tnie value of log, 10, to nuie plaoes el dec4 
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PB0i»0$tTI0» H. 

TacOBBM. The logarithm of ang numhir g to th0 ban^ /t, 
mttliipliod bg the logarithm of p to the haee i$ alwaye eqiml 
to unity; that it, hg^ q , log^p =« 1 . 

Let logp f ss I, and log,p ss k; then p^ as q, and q^ szp 

If the first of these, as be raised to tiie power of /r« 

we hare 

But «sp, therefore p'** s=:p, and 

l.kas log^ q . logfP, must equal unity. 

PaoposmoN I. 

PaoBLaM. To determine the value of log^ i, i being the 
base of the Napierean system of logarithms. 

Comparing the expression Ibr the value of A, given in the 
Scholium to Projpositipn C, with the formula [2] in the same, 
we see that A is tlie Napierean logarithm h, or asb; 
therefore log# has A. 

Now we have, from Theorem H, 

logi b . logi I = 1, or A . logft I as 1, 

IWore log,, - i = - •434a«44ft2. 

This is therefore the value of the modulus [Prop. F] of the 
common system of logarithms. 

Paoposmov K, 

Theorem. If a eeriee of logarithme to the eame hate are 
in arithmetical progreuion^ ike cofretponding nutnhere ufiU 
f&rm a eeriee in geometrical progreenon. 

That is, if in aa n,, b^* « b^* ss n^, the 

values ef the exponents of ^ are socb that /,, / , fom 
an errithmetical proi^ressio&t dm will n^, w,, n^, form a 
geometrical pfogreemon. 

For, let I th^ commm difference of the antlmgi/^ll^ 
aidies, then 


0 
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b^* as J**'^*sas6**.6* 

&0. 

Let i»^rsrit|, then, substituting in the above for 
2»^*, b^^ their equals n|, n,, n,, Ao., we obtain 

Wf = «i • 
n, = n, . n, 
n, = . nj 

&c. &c. 

we see that each term of the series n,, n,, » 

^ual to the preceding term mvlHpUid hj the constant quan- 
tity n| ; they are. therefore (Oef. 9). in ffsomsirieal progres- 
sion. being their common ratio. 

ScHouuv. It should be observed that, since as fi|, 1. 

the common difference of the series of logarithms, is the lo- 
garithm of n|. the common roHo of the series of numbers. 


PROPOsmoK L. 

Paoblkm. To deduce an expreuion for the limit of the 
increment of a lo^rithm^ produced by any given increase in 
the corresponding natural number. 

If. in the estpreerion Prop. £ [1]. we pot | -f 1 for w. 
It becomes 

bg { I + 1 ) o. - + ... *a| ...[i]. 
v^Wowlog^ j + I ) 3*8 log ^ * log (6 + 1) — legli 



vm i4>Gjjam». 




etptA. Ilw inmnMMit <ioQimned in tbe logurithm of i. in- 
creasing its value by onitj. 

In the expression 4- — &c,|, the first term, 

is greater than the acnn of all the succeeding terms, and 
therefore 


log(^4- l) =log(6 + 1) — logi < 

That is, the difference between the logarithms of two num* 
bers differing br unity, is less than the modulus of the system 
divided by the lesser of those numbers. 

SoBOLTUif 1. In the common system of logarithms, the 

modulus n has been shown [Proposition I] to be equal to 
A 

*434204483 ; in this case, therefore, we have 


log(J + l)-log6< 


-43(294483 

i 


[ 8 ]. 


ScRouuji 3. In the case of the logarithms of Mveral 
oonaecutive numbera, each greater by unity than the pre* 
ceding, patting m for the tnoaulos of the system, we hare 

log (J + 1) — log 4 < j 


log (4 + 3) - log (4 + 1) < 
log (4 + 8) - log (4 + 3) < 

from which we see that, as the numbers increase, the raU of 
incmue of their logarithms decrease; thus, the addttioa of 

unity to d increases its logarithm by y , while the addition of 

unity to i 4- 1 increasee its logarithm only when, 

, however, i is a large number, i and ^ + 1 ere vefy nearly 

eqtw), and therefore the rate of increase of the loptithms 
sBqr be considered as proportional to that of ^ e o rtiifO nd * 

0 d 
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itsg immhm, buxmam^^ te Igttit mmiO^ 

as compared with the nomber itsell 

Pxkoposmea H. 

InmMom. Th$ mm ^ lh$ logcmAm a/ hie mmbm, if 
tks logarithm of thoir product. 

Let X mt log^ffi, and / log* n, then s m, and ¥mn 

Now. 

Andheeanae 

I»^+*ss=w.n, 

Iherefbre X 4 * i is the logaarithm of m . a» to the Vaae A; or, 
the ium qf ih$ logarithm of m and u it the logarithm of their 
product. 


PnoPosmoK N. 


Tmoftsii. The logarithm of iXiftiolMf of two mmktrt 
it tqml to the logarithm of the dividond, with the logarithm of 
IX# divtair t mW i otod from it. 


Let X tad i denote the same as in the Ibtegoing propodr 
tion. Then 


And became 




tbeiwfoiwX<>-lis thelogurithmof*^, to the baseX; or, iX# 

logmMm gf tho ftotimu of m dioidod huOf io tgual to A# 
logarithm ^ at, orith A# logarithm of n tuUracMfrcm iL 


^PBOPoamoa 0 . 

'XnamMU Tkt logarithm tf am power tf a numhor, it 
aowdd A leaatriAia of Aai atmhor, attthimkd ha dho aa» 

. •go^mpoagr tmr' wamtr ^wowtww gm ww^^wwwmw g vv gfoww 
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Let X 8s lo^ ji, Am 

m m 

•uTimX^^, ft/ 

And becntise 

therefore nX it the logaritlim of m* to the hate i; or, 0*0 
lofjnrithm of th$ nth root of mS^ equal to n tituee the lotjor 
rithm of m. 


PnorosiTioK P. 

Theorem. The logarithm of any root of « iiMMiAer. ie 
equal to the logarithm of tltat numhett divided hy the eetpotk^iu 
ef the root. 

Let X 3= log^m, then m^b^; let the square toot of m » 
and the logarithm ofascl, then 

msses .» sssb^:sK 

therefore, 2iBEX,aad / as~. 

In like manner, if the cube root of msszg, and the logs, 
rithm of yssp, then 

muzy,y,y 6^; 

therefore, 9|i as X, nd 

3 

And gencreUf., if the «th mot oi «t and the loga* 
riebnt of am q, iheu 

« as jr^ . e, . a, je^melf^ mb^; 

therdbre, jiqnX, and f 

oc. I gga m^m of tha nth rood of m^k leqmi totkedofth 
qfa|i, diri de d hgm. 



80 


Bvsmmmxt imuiTiss 


PBOFosmoir Q. 

THEoUBif. In the $ygtm of loganthim whooe hau it 10« 
ths mantma i$ ^ $am^ jot Banu ordir of figures, whether 
those figwres are integers or decimals* 

If tha figures composmg the two numbers are in the same 
order, and only diffsr in the place of the demmal point, the 
two numbers may be made equal by altering the j^ition of 
the pmnt in one of them, which wUl, in effect, be multiply^ 
ing or dividing by 10, for every place that the decimal is 
moved to the right or to the left. 

The logarithm of the number which .has thus been mtdti- 
HpLied or divided by 10, or some integral power of 10, most 
have the logarithm of that power of 10 added to or sub- 
tracted from it, in order to oe still the correct lo^^thm of 
that number ; and it will then become equal to the logarithm 
of the other number. 

Now, the logarithm of any power of 10 to the base 10, is 
obviously the exponent of that power, and as the exponent is 
intefloal, the logarithm of eveiy integral power of 10 must 
itself be an integer, with no decimals or mantissa. The ad- 
dition or subtraction, therefore, of the logarithm of the 
power of 10, by which the number has been multiiMed or 
divided, will not affect its mantissa, which will consequently 
be the same as before its value was altered. And therefore 
the mantissie of the two logarithms were originally the same. 

PnoPOsmoN R 

Thbobem. The characteristic of the logarithm of a number 
to the base 1 0, is always one less than the number of integral 
figures in that number* 

Let the number consist of only one integer; then its value 
must be less tbi|p 10; now the logarithm of 10 is 1*, there- 
fore the logarithm of the number must be less than that of 
10, and therefore its characteristio must be 0 (followed by 
•ome decimal), and in this case is one less than the number 
of integers in the number. 

Then, let the number be successively multipUed 10, 
and at the same rime let the logarithm of 10, or 1, be soc^ 
cessively added to the characteristic of its logarithm. 

Now oeeAk mulripUcarion by 10, will add an mteger to the 
nue^ei^ iri iheeam riii^ add I to the 

iarie of its logarithm, and tbmfmre as the ths t t tl Shi s N 



m iMuumm 

ktio wm 1 Im than the munber of integen, so it alwaji 
e oiitiiMi e , however great the number of int^en may be. 

PfiopoaiTtoM S. 

XiiEOBSir. In tks h^riihm (to th$ hoM 10) oj a number 
Im than urnty, the eharaeterietie i$ negatmt but the mantma 
ie poeitive; and the value of the eharaeterietio i$ one greater 
than the number of cyphert between the decimal point and the 
firet ngn^fioant figure^ the ntim^ being deeimallg e^reeeed. 

Let the number be multiplied b? such a power of 10, aa 
will make it have only one integral figure, and let that power 
be the nth : then the logarithm will have been increa^ by 
n, and it will now have 0 for a obaraoteriatic (Prop. R), foU 
lowed by a mantissa ; both being positive. Let m equal tho 
value of the mantissa, now th^is must have been also its 
original value (Prop. Q); therefore, since the logarithm 
now equals m, and n has b^n added to it, its original value 
must nave been m n ; that is, it must have had a positive 
mantissa equal to at, and a negative characteristic equiu to n. 

Now the number of times (or n) that a decimm fraction 
must be multiplied by 10, to make only its first significant 
figure an integer, must be one greater than the number of 
cyphers which originally stood between that significant figure 
and the decimal point 

Therefore the negative characteristic of the logarithm of 
a decimal fraction, is one greater than the number of cyphers 
between the first significant figure and the decimal point 


CHAPTER V. 

Deeeription of LogarUhmie Tablet. 

Bxfons proceeding to give roles for performing the various 
piooeaees of Logarithmic Arithmetic, it will he advantageous 
to describe generally, a few of the roost useful Tables of 
Logarithms, so as to render the student familiar with their 
use, before he is actually required to employ them. 

The olgeet of MathemaUcal Tables is to present in a 
oenrose form, and one easily referred to, two or more series of 
numbers mutually dependent upon each other. So that any 
number in one series bmng gtvmi, the correspoodiog number 
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in of iieries ibO]r%o immdiitoljr fottodi km 

inspeciioii of the ii^btes. The Btrmber given le termed tim 
argument of the tables, and the number sought the resultant 
in the table a tiitcmm of which is given at page 03, 
the nnmbem in the left-hand margin and at the head of the 
tdtde ere Ae argit^heni, hy which we ans directed where to 
iShd the Idj^thma df those numbers, which togaiitfatns are fhb 
rertlfeemtt. When we thus seek in any colmnti of a table for 
thb ki^thent by which to find some other number, we are 
said to ent^ that crirnnn with the argument For example, 
if We ala looUna k the table at page 83 for the logarithm of 
11335, we enter die eolamh of nurn^rs (distinguiimed by M. 
at the top) wMi the argument 11566, and on the same line in 
the eentij^oms column we find the rmtUtant 4090374, which 
is tlie logarithm repaired. 

Tables of the Logarithms of Numbers exist under a great 
varie^ of forms, aik are calculated to a greater or less num- 
ber of decimal places, according to the purposes to which they 
areititeaded to be applied. For Astronomical andTrigono- 
metitdsi ealoolations, where considerable accuracy is required, 
tables are used in which the logarithms are carried to seven 
fdaees of decimals ; for ordinaiy purposes tables of six places 
will be found amde ; and even in many oases five places 
be sufficient. We shall describe some of the best and most 
generally employed tables, to seven, six, and five places. 

The best taldes of the Logarithms of Numbers to seven 
places, are those Bal^iage, although for general use we 
should recommend Hutton's, which contain logarithmic eines, 
tangents, Ac., to the same number of places, also the natural 
sines and tangents, and a great variety of other tables which 
will be found of frequent use. We have given on the oppo- 
site page as a specimen of these tables, a portion of one 
page of the same. 
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Thu natoml BumbeiB which form the argumerUs of the table 
extend fn>m 1(K)00 to 107999, the resuUanu^ or loguithme 
answering to them, from 4*0000000 to 5*03341973, the former 
being given to 5 and 6 places, while the latter extend to 7 and 
8 plaees. In the extreme left-hand odomn headed N, whudu 
is the colnmn of arguments, only the first lour figures id the 
natural numbers are given, the last figure most be sought for 
along the top of the table, in the line of fibres immediately 
under the words **Logariditn of Numbers;"' and the result** 
ant, or the logarithm itself, will be found at the interseotkm 
of the two lines in which the two portions of the argument 
were found ; that is, on the same line with the fint four 
figures, and in the same column as the laU figure. We ob* 
serve, however, upon looking at the table, that while the first 
column of resultants (having 0 at the top) contains 7 figures, 
the other nine columns contain only 4. The exphmadon of 
this is as follows, the four figures given in these columns are 
only the four final figures of the logarithm, that is the 4th, 
5th, 6th, and 7th, decimals, the first three figures, or the 1st, 
9nd, and 3rd, decimals, are the same as those of the loga- 
rithms in the first column of resultants, and being the same 
it is considered unnecessary to repeat them, as they may be 
as easily supplied from the first column, and considerable 
saving of sp^ is effected by their omissiou. It is in order 
to allow of this saving of space, by the omission of the similar 
figures, that the peculiar arrangement of the tables, by which 
a portion of the argument is mund in the side column and a 
portion at the bead of the table, has been adopted. It is not, 
nowever, always the case, that the initial figures fouud in the 
first column si's the correct initial figures for all the other 
logarithms in the same line, because as the logarithms suc- 
oessively increase, after a certain interval, the last of the 
initial figure or the 3rd decimal becomes altered in value, 
and this alteration is equally likely to occur in any one of the 
columns. An example of this occurs at Uie third line of the 
taUe, in which the initial figures 406 apply, os far as the 
cotensm headed with 7, they here, however, e^ge, and in tlm 
next eolumn become 407, and so continue unril the ninth line, 
in which tlm change to 408 in tlie column headed with 6. 
Various metnods have been adopted for directing attention to 
this change in the initial figures; in Hattons tables it is 
shown by a line being drawn over the first figure of eadi of 
the kMmthms to wlmh the altered initial figures are to be 
applied, and in borne other tables, as in Ikbbago's, it is 
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Hlwm by tbe first cypher being pat in smaller trpe. as 
I eieSI 08 S 8 I . 

It has bemi shown, in the oondusion of the previoos chap* 
ter (Sdmlium 3, Prop. L), that with small increments in the 
naUirsl nambers, the logarithms corresjMnding with them in* 
crease in arithmetical progression, so &at the difference be* 
tween the sneoessive logarithms remains constant for several 
logarhhms in succession. Whenever the value of the difierence 
changes^ it is inserted in a column headed D, on the right of 
the table on the line in which the change occurs. Thus the 
number 170 is inserted in the column D, on the fifth line, and 
indicates that the difference between two successive logarithms 
has changed from 171 to 170 in the line in which it stands. 
Tbe differences change much more rapidly at the comtnenoc* 
ment of the table th^ near its conclusion. The difference 
given in this column is that due to an increment of one unit 
in the 5th figure of the natural number, thus 
Log of 35584 » 4*4079684 
35585 « 4*4079854 

1 no 

and as for any tnerement less than this, we may consider the 
logarithms to vary in arithmetical progression, to ascertain 
the logarithm of any number between U)ose given above, the 
increment of the logarithm to be added to 4*4079684 will 
bear the same proportion to 170, that the increment of tbe 
naturai number does to 1 ; for example, let it be required to 
find tbe logarithm of 35584*6, here tne incremeut ef the num- 
ber being * 6 , we form the proportion 1*0 ; *6 : : 170 ; 103, by 
whidi we find that 103 is the corresponding increment el the 
kgurithm, which being added to 4*4079684 ^ves 4*4070780 
for tbe lo^tbm of 35584*6. A^n, if tbe increment of tbe 
natural number had been *06, the correeponding increment of 
the logarithm would have been 10*3. 

if now we divide the whole difiemce 170 by 10, we obtain 
17, the difference correeponding with an increase of one unit 
in tbe sixth figure of the naloiil number, the double of this 
or 84 lor two units, the treble mr 51 for three units, and so 
on ; and eadi of the Bumbetf so obtained will be the tnoDS* 
ment d tbe logarithm eonrespondiog with an increase of ilhftt 
number of units in the sixUi figure of tlte natu^ numb^. 
The inmement thus obtained, te eoch of the nine aoita , is 
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biseiEea •djoinidg column (bended ** Pro.," an BUMW«ii> 
tion of Proportional Parts). 

1%b natabemoontuned in tbew Hide tables are, aa alreadj 
inetiembntfi of tbe logaiithm for mi itieMse m 
tlio idikh of the mtnrtA nomtiers, they exmem, how- 
eron Hio inirottionts ft>r the nnks hi the eevmtih place of the 
tiUttmU nninli^r when divided by ID, or for the et>AtA vdien 
divided by IDO. Thoe, suppose the logarithm of 9ftD08tiD7 
wdtw fh^pttred, we derive at once from the Uble the logarithm 
bt the imt fite Hguree, to which we add the proper morement 
Ibr eadh additiotml figure, derived from the little talde in the 
righthOnd edhniiii. Thtw— 

Jx>g of . 25008000 is 7*4083757 
Increment for 500 ,, 85 

„ 80 „ 18‘0 

7 „ ^*10 

Tlierefore the log of 25008587 „ 7 *4083857 


These little tables of proportkmal parts are of equal service 
in finding the natural numbers oorresponding with any given 
logarithm. Thus, if the logarithm given were 4 4074827, on 
looking in the table we eee that the next less logarithm is 
4*4074240, which conreeponds with the naturai tmniber 
25552 ; then subtracting the logarithm uken from the table, 
from the given logarithm, we olaain the difference, 78 ; look* 
kig In the second oolumn of llie table of Pmportionel Parts, 
we fbd against the next less difihrence, 08, the number 4, 
Whkh is m sixth figiwe of the number required ; we have 
uiilt lO left, to which adding a nougd*t we ohtam 100, and tku 
mialmit number hi (he table being 102, against whaeh wuOiid 
0, that Is the seventh iguue luqoiiied. The nnmber answer- 
ing to (he bgarithiii 4*^074240 » therefore 24552*46. 

In these and uM Oie best tables of legariihtns. the chame- 
teristk is omitted, the tables eofriakimg only the manlisaawf 
she logaaiihm, The uhafuetariarie must be added ia aooDrd- 
auee with the rbte*^mai page tl. 

We next |wes on to deeeviW tablet of logarithms la m 
dethari phees. As a spemmeiip we have giveu a page Irsm 
the IfiaiietMical TaMi^*' formifig one of the same series 
ee^ pieaeui wuHl 
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Tliis iMe € 0011^8 ^ logartthms of eteiy number leee 
lOyOOO to mx places of decimalt, and in dieir genml 
fomt and arrangement are reiy similar to tbose jnst described. 
Tbe natoial numbers which form the argument of tihe talde 
are giren to ibor places, the first three being found in Uie 
lefo^band oolumu* and the fourth at the head of the table ; 
the first throe figures are also repeated in the last column, 
to ficUitate the use of the tables. In the first column of re* 
snltantB the whole six figures of the logarithm are gtren, bat 
in the succeeding columns only the last four, the two initial 
figures beiim supplied from Uie column. In these tables, 
a boriaontal line is introduced to separate the logarithms 
which have different iniual figures, the line being made to 
break, or step up, when the e^nge in the Initial figures oo- 
curs other than at the commencement of a line. Thus in the 
middle of the sixth line the initial figures change from 88 to 
30, and this is indicated by the line thus 9875 P 665i, the 
former of these being 380875, and the latter 800051. 

In these tables also the j^portional parts are somewhat 
differently arranged. In Hutton *8 and other logarithmic 
tables, the line in which the difference changes its value ii 
shown, but each line contains ten logarithms, and there is 
nothing to indicate between which of these logarithms the 
change occurs ; in the tables now being described, the number 
corresponding with the lo^rithm at which the ohabge takes 
place 18 given in the left-hand column, and on the same line 
will be found the proportional parts for each unit constituting 
the fifth figure of the natural number. Thus, let the loga* 
riUim of 046057 be required ; here we obtain the logaritW 
of the first four figures at once from the body of the table, for 
the inerement to be added for the other two figmws we look 
in the table of proportional p^, and on the same line with 
film first four figures of the given number, and in the same 
column as the fifth figure of the same, we find the propor- 
tional part to be added for that Bgure, and on the same line 
and in the same column as the sixth figure, we find the pro- 
porUonal part, vhicK having fint hem ^vided bg ten, must be 
added for that figure. Thus-** 

The log of . 246000 is 5*800035 
Increment for 50 „ 88 

.. 7 „ ^89 

Thm^ro the kg of 94605T „ 5 801085 
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If tlie 6f«t four figures of the number are not ei^acU; found 
in the first column of proportionai parts, we must take the 
neat less number. Thus, bad the given number, whose 
logarithm was required, been i;^5437l, we must have looked 
for the proportional part for the last two figures in the line 
bavtng in the left-hand column, those being the next 
less numbers to 52543. 

To find a number from its logarithm, the application of 
this table is very simple. We must take the next less loga- 
rithm in the upper pak of the table, and the four first figures 
of the corresponding number will be obtained: we must 
then take the difference between the given logarithm and 
that found in the table, and, looking in the table of propor- 
tional parts, on the same line with the first four figures just 
found (or the next less to them), for the next less number to 
^is difference, the figure at the head of the column in which 
it is found will be the fifth figure of the required number. 
Then, if the difference found in the table be taken from tlie 
difference sought for, and a nought be added, the number at 
the head of the column in which this second difference may be 
found (on the same line as before), will bo the »wth figure of 
the required number. Thus, what is the natural number 
whose logarithm is 3 416369? 

The given logarithm . » 3'4 16309 

Next less logarithm . == 3 4 1 63 08 == the log of 260B* 

fil ass 1st diff. 


Next less diff. in table . . 

. *= 49 8 « 

•3 

Nearest diff. in table . . 

1 12 as 2nd di£L 
. a=:116« 

*07 


Therefore the number required is 2608*37 

Again, wbat is the natural number whose logarithm is 
5*894564? 

The given logarithm sss 5*394564 

Next less logarithm . « 5 3944 5*4 *» log of 248000 

1 12 tat 1st diff. 

Next kss diff in table . . « lU3 *=* 60 

70 =: 2nd diff. n 4 
Therefore the required number Is 248064 
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of lo^thow which we e)Mll dcwaihe ere 
ihioee n^piiiitea, an4er the enperintendence of the Sode^ for 
the iOilntHoo of t:fteful Koowle^e, from the td>Ie8 of ledande, 
il^liehed in fimoe. A ipecimen of these tables is given 
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Thkif me imij carried to fiire docitad pkoM, mA their 
arrsnpiemeiit is quite different from that of ine ^es already 
descnbed. They contain the logarithms of erery oonseoulive 
nombeir ftom 1 to 10,000, tl^ arguments and resultants 
being placed in parallel columns, and the differences between 
the k^ithma beit^ given in a third column on tl^e rmht 
hand. In these tables no proportional parts of the differ* 
ences m given for the several units in the fifdi place of the 
natural number, but they have to be found by proportion in 
the manner explained at pa^e 35. 

Thus, suppose the logarithm of 39604 were required ; we 
immediately hud, from the table, the logarithm of 30690 to 
be 4 50868, but we know this to be too small, and we want 
the proportional part of the whole difference, 1 1, to be added 
for the four units in the fifth place of the natural number. 
Now, the difference, 1 1 , corresponds with an increase of ten 
units in the fifth figure of the number, therefore, as 10 : II 
: : 4 : 4*4, which is the proportional part required. The 
rule, therefore, for finding the proportional parts is as fol- 
fows :*«-*Maltiply the difference given in the tliird column by 
all the figures of the natural number, except the first four, 
and poipt off as many decimals in the product as there were 
figures in the multiplier, the integral portion will be the 
proportional part to be added to the logarithm. In the ex- 
ample above we have II x *4 = 4*4, the integer of which 
being added to 4*59668, gives 4*59873 for the logarithm of 
89094. 

Again, what is the logarithm of 403567 ? l*he logarithm 
of 403500 is 5 00584, and tho difference, 11, being multi*- 

f iiied by 67, is 787, from which pointing off two decimals, 
eaves the integer 7 to be added ; inereforo, the logarithm of 
403567 is 5 60591. 

To find a number ttiswertng to a logmithm, from these 
tables, proceed as follows ;->Look for the next less logarithm, 
and the number answering to it will be the first foot figitree 
of the ntnnber rraoired. Then take the difference between 
logartthm and the one green ; to this difference add as 
many cyphers as iddfitional figures are required, mid divide 
by the difference given fa the ^krd column of the table, 
the quotient erlll be the figures to bo added to the ftrei 
finnr already drived frees the tables; the position of 4ie 
dediiial ftnat v^ be determhied by the value of the ddir 
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Efital is the number sanmiiig to ^ lo- 
gmoihsiB^dS? 

IjOgsiitiim given . . tse 8*60428 

Next lest iogsrilhm . » 8*60428 » 4020 


bO^lOm *6 


4020*5 

Therefore 4020*5 is the number whose logtrithm is 
8*60428. 

Agstn, what is the number answering to the h^arithm 
4*6^19? 

LogariUim given . . «b 4*60719 

Next loss logarithm . ai 4*60713 sx 40470 


600 -Ml » 6*4 


40476*4 

Therefore 40475*4 is the number whoee logarillim k 
4*60719. 

Having described some of the principal tables, and ex- 
phuned Ae method of using them, it ml be desiralde to 
show how many fibres may m relied upon as accurate, in 
the results obtained by tables oi five, six, and seven decimal 
places. 

Xiet us have the logarithm 8*17284 mven to five places of 
decimals : now the value of this logarithm, if expzeesed 
to a greater number of places, might, for aught that can be 
known, be anything b^ween 8*172886 and 8*172846, and 
might therefore diner fiom the logarithm given by very 
newy *000006; which then is the extreme limit of t^ 
dUferenoe which tables to five places will show; any differ- 
enos less than this might occur without any change in the 
value of the logarithm, as given in the table. 

it has been shown in Prop. L [8], page 27, that the dif- 
iBtence between the logarithms of two numbeiiy whidi difisr 
only by imily, is less than the modulus of the qrstem divided 
by the lesser nuaiher, or, in die csso of common logmiihiim, 
than *484294482 divided by the lesaer muato. Mow, tho 
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tnw lofuitbm and that giren to fire 
^aoaa may, aa wa hava ahown abova, ba aaarty aqoal to 
’OOOOW, whkh ia thMefore laaa than -484ft94S dhr^ br 

'4843045 

tha nnmbar, or the ntimbar is less than »8(>858'9. 

‘000005 

That is to say, that unless the number, whose louarithm is 
given, is less than 86859, ito value cannot be determined 
with certainty beyond four figures: but that if less than 
86859, the first fiv$ figures derived from the table will be 
true. 

In a similar way it may be shown that, when working with 
tables of logarithms to six decimal places, the first $iat figures 
of the result may be depended upon if less than 8685B0, but 
if greater, only the first five figures must be kept And in 
the case of logarithms to seven decimal places, if the result 
is less than 8685800, ieven places will be accurate, but if 
greater, only ew. Generally, in any tables of logarithms, tha 
result obtained may be considered accurate to as man^ figures 
as there are decimal places in the logarithms, provided the 
mantissa of tlie loganthm is less than *9888, but if greater, 
then the result will only be accurate to one less number of 
figures than the decimals in the logarithm. 


CHAPTER VI. 

LogarWsmic Arithmetic 

Wk next proceed to the application of logarithma to the 
ordinary processes of arithmetic, and to illustrate and explain 
their general use for the purposes of calculation. The 
references following the roles show the proposition in Chapter 
IV., in which the we is demonstrated. 

To rixn thk AarrHuxTicaL Cokplxmxkt or ▲ Looxuimu. 

By the arithmetical complement of a logarithm ia meant 
the remainder left bv the subtraction of the logarithm from 
10, Thus the arithmetical eomplemmit of 8 941785 is 
10*000000 — 8*941785 » 6*758965. Its use is in 
division, as will be presentlv shown ; for if, instead of sub- 
tmotii^ a lo^uithm, we add its oomplement, and rabtrsct 10. 
we oinatn the same result. To find the ari thme tical oompl^ 
ment employ the following rule* 
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Jl0,^#«i4 r«tt 4 I» oikm {kuliMif Mk§ 

tiM ekamtSmiath ft il Hftftt l« 

€ulMto9, 

SxAxnm 

IPfci irlliUMlki^ eMApfeiheiit of 5*6jt^^ 4*)Ct^t 

*, „ ^170650 „ 7 l» 537 o 

*t n T*»i7df4. „ (ib'Tis^M 

H «* |•l 7 ^< 8 o I# is*»l 65 $d 

« „ 3-607218 „ 6*392782 

„ « 0-714000 „ 9*286000 

MOLtIFUOATIOII. 

llUtiB.*— To multiply two or more numbers together^ add 
0wir logatUhms, the sum wUl he the logarithm qf thek 
product (Prop. M). 

BxaiOlii. 

IWliplr 9^tb3r4a- 

liQgwillui ff 5631 M |7S058€ 

V 4» - 1-623249 

5*373831 ■■ log 4^^236500 

40- * 

Aoower 236502 


MulliT^ 52, TS4»^ 6 togoliwr. 

LooKrithm of 52 «■ 1*716003 

», 4 « o*77»t5i 

rwtlv> 

S IKHS - IcgrfMtcoo 

150 <m M 

Atumm » sogoet 


Mukkk ^8, M» Mi 65 
bpriftn «f 61 2 b 1785930 
2;t •» 1*14^489 
^ 6| • 1*812919 

4*940666 ^ kg «f t72|a 




f»t iMMMcmm. 


4» 


DmmH. 


cKtwItf tfiM nwmher mu^h^r, iwftimcr 0t§ h§a- 
^ Utmor from tko %ortljbii of dividm^d, tmd 
iko fm mm it r wM bo tbs ^o 0 o^rUkm of iko fuotimU (Prop. N). 


BX4XP|«8. 

Divida 

{^optiito ol 1164. w 3*o^S9S| 

M 4 * o*6oiow> 


^'4^3^93 ■" log of 191. 


Ditida 116909 bjr 5)14. 
Iiogaritliin of 116900 5^7615 

Fr^ part ibr 9 «• 09*69 


LogariUuB of 116906 ■> 5.067645 
f. 53*4 37»54a* 


**34»4»3 


log of It. 


Instead of subtracting the logarithm of the divisor we may 
add its arithmotical complement the result, with JO sub- 
tracted from the characteristic, will as before be the logaritlim 
of the quotient. Thus, in the eitample above, the arithmeti- 
cal complement of 3‘7S54Qi), the logarithm of the divisor, is 
6*274578, which added tod 067845, gives 1*342428, the same 
answer as before. This method will be found very convenient 
where it is desired to divide one munher by aeveral oibeni; 
we have, ui inch a ease, only to add to the legarithm of the 
dividend, the arithmetical complemeot of the logarithms of 
the several divisors, and subtraet from the ohareoteristic aa 
many tens as there were dtvisera, the result will be the loga- 
rithm of the quotient. 

Plvid* 5794 *^ hj 4 » » 3 » “d 47. 

Logsritlnn of . . . 579400 « 5*762979 
Pr^porUoaol part |gv 10 7*5 

If « - ^5 

XiMiritbn of « • . 579416 tm 5*762990 
Antb. eonp. of lag ol 4 «p» 0*197940 

I. ^ »l « 9 639272 

o o 47 - 9*327900 

2*127104 « log sf i|4« 



BimniBlITUIT TBSATfSX 


Piommox, OB im Bulb ov Tbbxb. 

Qaestioiift in proportioii, or the rule of Uiree, may be re- 
•dved with great facility with the aid of lo^urithnia. 

Roiii * — Aid togithir the logarithnu of the tmo midiU term* 
and from their sum subtract the logarithm of the first term^ 
the remainder will be the logarithm of the fourth or 
fuemUtg required. Or, instead of subtracting the logarithm of 
the first term, add its arithmetical complement and subtract 
JO from the charaeteristie, 

SxAMMJn. 

If 14 men, in 47 dnji, enenvnm 5651 enbie pais, whnt kngth si thnn 
will it takn then to ezeatate 47180 eahic yuis 1 

Or, ae 5631 : 47 :: 47180 : t 
Logarithm of . . . 47180 4*674677 

w ... 47 « 1*672098 


Logarithm of • 


6*346775 
• 5^3* - 3*750586 


1*596189 » log of 394*616 


By the Mcond method : — 
Logarithm of . . . 47180 4*674677 

„ ... 47 - 1*672098 

Arith, eomp. of log of 5631 «• 6*149414 


1*596189 u beibre. 


If an engine of 67 horeet* power ean ruM from a reeenroir 57*600 enbfe 
l8ot of water b a giTon time, what bonee* power will be reqvm to laiet 
8,575,000 cabio met in the eemo timo I 


Or* ae 57,600 : 67 :: 8,575,000 : t 
l iOg mithm of . . . 8*575*000 - 6 033234 
„ ... 67 - 1*816075 


Logarithm of . . 


*759509 

) •• 4*760411 


3 998887 « log of 9974*4 


Legaiithin of . . , 
Arith*!oQmp.ori^if 


*#57L«»- 6*933»H 
67 W 1*816075 
57*600 « 5*13957* 


3*998887 behna 



oil UMAlUtHlIS. 


4T 


iKTOLOnOK AMD EvOLOTIOII. 

Inirdaticm is the proosss of nistug a nomber to any power 
of itselt and evolution is the extraction of any root of a 
nomber; both these prooesses are very readily performed by 
means of logarithms. 

Huijb I. — To ram a mmbrr ta otiy pomr dmrmt, muUi^ 
ths logarithm of tho numhor hg tho u^ponMt of that pomr^ aad 
tho prodaet wiU he the logarithm ef the power requi^^ 

Rout II.«— To eatraet ang root of a number, divide the 
logarithm of that number hg the exponent of the root, and the 
quotient wul he the logarithm of the root required. 

HxAMfua, 

Wbat ii tb« iqitM* of 745, Om obIm of 67, ond tho 7th power of 8 Y 
Loforitlim of 745 ft*87Ai56 


574431a - log of 555015. 


hopitUhm of 67 •• r8s6o75 
3 


5*478215 - log of 300763. 


LogMrithm of 8 0*903090 

7 


6*311630 "i tog of 1097151 


Vfhm if tho igiiare root of 4115, the c«bo root of 6859, wul tlw 6tli roct 
ot 117649Y 

Leg of 4115 ■> 3*615117 .4. 1 « 1*81191} kg of 65. 

Log of 6859 “ + 3 - >**7*7S4 - kg of 19. 

Log of 1 17649 •> 5*070588 -I- 6 0*845098 «• log of 7, 

When the number to be involved to any power, or whose 
root is to be extracted, is a fraction, its eharaeteristao will be 
negative; in this case, in multiplying the logarithm by aor 
number, it must be borne in mmd that the mantiaea is poi^ 
live, and therefore that any figures carried from the mulup^ 
eation el the same, must be deducted from the efaaraetecislje» 
instead el being added to it 



BtTDmmiTiiiit mumsE 




tvim of *25, ik» eobo of tlio sib pemm of *$7i4t 

Xx^gMiitfiai of *05 -* 1*397940 


?7958So •• lof of *0(05. 

ti«goiUb#of *05! «* 076342!* 

3 

4*090084 oi kf of ^0001951 1*. 

Loforiibtt of *9784 ■» 1*990516 

5 

7*950580 — log of ‘89656. 

In dividing a logarithm with a n^atm aharaoteriatic by 
any nnrober, if the characteristic is a multiple of that number, 
or is divisible by it, proceed to divide in the usual manner, 
remembering, however, tliat the new characteristic will be 
negative. Should the characteristic not he divisible by the 
number by which it is required to divide the logarithm, 
separate the mantissa from the characteristic, and add to each 
such a number as will make the characteristic divisible, then 
divide each of the sums by the number, and the quotient will 
be the characteristic and mantissa respectively of the loga- 
rithm required. The equal numbers added to the character 
istic and mantissa, roust of course be considered negative in 
the fiiat case and positive in the other. 

Wbat U the oquart root of *009 
iogaritbm of *009 ■» 7*310146 

Addina — 1 to tlw dionicterittie wo hovo o 4^ 0 7 , tho bow oHonctW' 

iotki, Olid WUiaf i to tbo Bwwtiiii Wo bavo ^310146 4, « > 660073 he 

tbo BOW WiwUtiai, tbonlbM 1*300146 4. 1 — 1*660073 — log ol *45716 -• 
M oqBaioroilof *009. 

Wbai k tbo cttbo root of *000195 1 10 ! 
y *000195110 4*090084. 

4 4. a $ « i Ik tbo eboiaoloriiito^ 006*090084^*0 « >*090414 

4 * ie tbo iBi Bti K a fbovoloK^ - 4 * S ^ > 7 ^ 16 ^ 

jiicphed. oftMlf 

Dtriakm, Involution, and EVolotieii. oew^^dpt M 



OK tMAnmtUB. 


411 


ft ooomm in the perf<miiAnc6 of which logarithms 
aiw when the stndent is conTorsant with these* 

be wot to apply logarithms in a varied of oases in 

which their use will he attended with the saving of immentM) 
lahoor. 

As an exercise in the preceding rules, and more especially 
in th^r praotieal application, we sWl give a variety oi useful 
fnnnttUe, logarithmicaily expressed, and illustrate their use 
by examples ; at the same time, that they may nut be merely 
exercises, but may prove useful for reference, we shall arrange 
and classy them under their proper heads. In the following 
ftirmulm the letter X will he used to denote ** logarithm of;" 
liius, X a, vrill mean tho logarithm of a, or the quantity for 
which a stands : and Q X -f y) means twice the logarithm 
of the quantity inclosed within the parenthesis, or y added to 
the square of of. All the lineal dimensions are given in feet, 
all the superhoial dimensions in square feet, all the solid dimen- 
sions in cube feet, and all the weights or pressures in avoirdu- 
pois pounds, unless where it is othei^viso expressly stated. 
iKTKilEsT. 


Simpt* Imtemt, — [i.] Add to- 
fsUi«r the logarithiofl of the prin- 
dpsl, the rate, end the dme, end 
mm the earn etihtiect e; the re* 
OHiiRder will be the logarithm of 
tbe iateiesi. 


Compcnmd TiUirttt — Ht.] Find 
the MMMtnt of iCf et the given 
lete of intefett for tbe first term ; 
ibis is celh4 the rmiio, end the 
logeiithm of the tetio tor »och 
fetes of ittterest as era Ukeljr to 
he ttsed ere givett in the ennexed 
table. MMplf the logeHtbm ef 
the latie hy the tiase, m add to 
the pfodaet the logerithai of the 
primdpel; tbe sum is the legsrithm 
oftbeanoiiiit. 


1 

Logsrithn 

H 

Liogsritbm 

11 

rstia 

11 

ratio. 

I 

•OOf3»i4 

si 

‘oi3a|S3 

*0x4x804 

*0x53059 

*0x63x89 

*0173x96 

•0x83670 

*0x95818 

;! 

•0053050 

*0064060 

•0075544 

*ooll 6 ooa 

n 

:| 

'0096633 

'Oio 7»39 

*» 

7 

»l 

•otiyfiii 

7 * 

*0303973 


•01x8371 


•0314085 

I! 

•0138^1 

•0145^3 

‘0159I81 

J* 

* 03 H *73 

•0334x38 

*0344x79 

4 j 

0170333 

*0180761 

:i 

•0364x03 

•0374x65 


*0191163 


41 

*010l|^ 

*0x11893 


*0384x14 


9I 

*0394141 

5 l 

wxxxxej 

»i 

. *0404045 


IlKUSnUATIOK. 

m, h, and e be tbe three sidee, 
eeaal^tbeaiiMtt ilam 

» I {U + A(rf-.) + ».(<-») + 

Tl 




HUDnCWKUlf nnUTlBK 


m 


J The logiritbai of ^ nw e^pMb tibo feimrllltttt of ti» 

I equal Hm kngtii of one of llie i&dei^ % mpml IIm wmkm 
ot tidefi and a oqttal the area ; then 

£«.]• ».a-- 397>4 + »*< + >»H- 

4 equal the dlaneter, e aqnal the e fa q ua fereac^ and a eqaal 

the aiea; then 

(7.1 X 4 • *5oad5 4- AO — I « *6oao6 4 >Aa Ac » '05J4.55 -f |Xa. 
[t.] Ao«« *49715 + A 4 i- * 6 ojio 64 *xa — A4**$5o6o5 4 >|Aa. 

[9.3 A« - *995094-1x4—1 -*90079 4 -aXc— a **39794 4 ' X 44 
Ac— I. 

dmUmr ara . — Let r eqaal the ladittai m equal the meaotne Of the aae in 
deipreei^ and / iu length ; then 

[10.] Xl mm *2418776 + Xr 4- Atn — 2 . 

(Hreuiar tsOort . — Let 4 equal the dhuneter^ and a equal die area, the 
other lelteci ae in [10]; then 

[1 1.] A « • *69897 + Ar+A/— i-» *336456 + 2A4 +Ai»-J. 

Pamhofa.— Let x, and x, be two abeciiolo» 7| and 7, the eefieepondiiig 
erdinateo» and a equu the area ; then 

[it.] - -to J909 + X t, + X (t,,) — I. 

t* 3 -] 

— Let < equal the tnuuTeret, and c the oonjagate dianetenv P 
eqaal any ordinate, m x,, x^ the eorresponding nbeci eM i ; aloe lota e^^ 
thO am, and p equal the periphery ; then 

[14,] Aa - *69509 4 AC + At - I. 

[15,] A|»-*I96ii6 + a(I + c). 

[16,) Ay-Ac + iAx, + 4 ax, -A t 
Fermulw [16] appliee aleo in the oaoe of the Hyptthek. 

flmwOe/oi^piiioK, jearn or cyefadcr*^ [17.] The k^thn of the otthle 
ooiMa eqaala the kmmmm of the am of ^ haae added to the logarithii 
of la pofpondletdar h^|hA 

1 or Cm— Lei a equal the am of the haae^ A ite potpMidiadar 

g aodoliiaolidity; then 

[18.] Ae w *823909 + A a + Ah li 

Ijahofar— Lot 4 aqooi the dhnaeCer, c equal 4 be chmalhtiiioe, o eqpil t^ 
ael|^, and x the a urfaeo | Aaa 

|l|.) A>'i»A 4 + AO • *696487 + 2A4«» *5oa8|7 + 2A0- 1* 
[to 4 * 7*9 *i' 3 ^ 87* + 8 h 0 — 1 . 

^ liahfMlIhtdtmimthirilat^^ to a tidOai eqari 

jhiq to landl he Iid 4 iattid 9 ^ tito rbarafliqialhi dlian ti two lilwinA 



o»r tx> 04 mtt!Rifs. 


(I 


Mil#— L»i I ^ ^ idgit, « tU 

•ilidit^, «fHd Ow MriiMti mi 4 « and &» imb«(i 
tihto; tUca 

[aiO Xr-j 


1 Niaor 

1 ddaa 

ftemn 

A 

a 

■ 

Tcftraddron . . . 

o*a 38 s 6 o 7 

1*0713486 

B 

Hofaddron . . . 

077 * 1 5 « 3 

0*0000000 

B 

Octaddron • . . 

o- 5 J 9 S 9 <>« 

1*67 306x4 

B 

Dodecaddron . . 

1*3148301 

0*8844056 

M 

leoeaddron • . . 

o' 937 S 30 « 

0 ' 33 * 7»40 


TRiaONOXETHT. 


Plam JVwiipZ«.~[i3.1 (Wiwii <i«» tuUi qf a tnanffia and an ang^i 
wpotUt to otu to Jnd (As an^U ofifHuiit to th$ othor one, RoLI 

To logtritbak lino of tho given engle ndd the oritluDetical eonpiement 
of the k^nrithm of tho oppootte tide, nod the logarithm of the otb^ dvon 
•tdo ; tho omn with to ouhtneted from it will bo tho legirithmio lino of tho 
iii|la foqtiired. 

[14.] Given two anglee and a tide opnotiu to one qf them, tojind tke tide 
oppoeiie to Mo oMor one, Rui.* : — To too lognrithm it tho given Mdo, odd 
tM arithmetieal compkn&eot of the logarithmic »ine of ita opp^te angle, and 
tho logurithmie atneof tho other an|pe; the turn with 10 etthtraoled will bo 
the loj^thm of the eido leqttiied. 




fTAon two tidet and the metnded angle are faveOf tojtmd the UUfd 
Evu ;»To the logarithm of the diflerenee of tlw given lidof add the 
arithmetiad comptemeni of the logarithm of their torn, and the logaritbink 
laiupittt dT half toe asm of the anglea oppoeito the given aidea, and tho asm 
wim to atthliieiod wfH he the logarithmic tangent of half the diffhfenea of 
tboio aaglex Then to tho arithmetical complemout of the logarithmic eoeino 
logarithmic eocino of half the com of tho 


of half too fldd dighfeoeo, add tho 
mmm0m,md dbo logarithm of the earn of tho givoii aidoe; 
to ashimetod wEl ho tho logarithm of the third eidt toqtdmd. 


witll 


(t4} ITAm lie firm atoCm Ofo ^fara. to /ad Me oaptoi. Et;ut:-Tothe 
iirtfhmiiliml complement of the lo(prillim of tho hmgiat aide, odd tho lega- 
flthm eltho asm of tho othor two ridea, ood iho legi^lhm of tho ditheanea 
of fdMNMi' aidic j thwemn with to ashtto ct o d from H la Iho leMrithtn ol lht 
dytthiitoo'olf 'Iho ampmsla af .Urn. ham aa longmt ahha INam haE* lldi 
anm idilid to hamUio hoao wlE ogsol rim hmgm aogmoo% and ‘ 
£imla.mai eupml .tho ahattm aim^- 







BUDlMSKTAKT TRSATI6K 


6 ^ 

trianglm , — Let A eq^ul the hjrpotenoie, h eqael ^ h«M^ 
p ttfiin tile j then 

[a70x4-ix(ft* + p«). 

[tt.] Xh - i a(A* - 4 x(A 4 - J>) + 4 A (4 - p). 

[»9. ] A J» - 4 A (*» - A*) • 4 + 4 ) + 4 A (A - h). 

Meohakics. 

Vii eM— liet « eqoAl the weight of a body^ v iU velocitj in feet per 
•(*i‘Os4r And ? iu vie vivA ; then 

[30.] XT- i*S0773a + X If + a X ». 

Action — Let t equal the tpooe patted ever in I aceonde^ and 9 

the relodty at above ; then 

[31.] Xf — *69797 — x< -f xe ~ I — **005702 4 “ AXt ■— I 

- *1902384- oXe~ 2. 

[3*.]x*— 1*5077324- x< — *30103 4 X#-. x< -*904881 4'4xa 

[33.] X t — *492268 4 X T — 2 — *30203 4- X t — X » 

— *306649 4. 1 xe — I. 

Pendmlumt , — Let I equal the time in tecondt of one vibration in a Teij 
small drcoiar acoi and I the length i then 

[34] xe — *251016-4 |x/. 

CSmtnti /oroM,— Let w equal the weight of a body neving hi a ciiel* 
whose radios it r, with a velocity of e ^t per second, and m/eqoid the 
erntriiugal force ; then 

[35.] X/ — *492268 4-2Xe4-xw — Xr— 2. 

Arekci , — Let a equal radius of eurvature at erown, h equal breadth ef arth, 
w equal vertical weight on every square foot of the key-stone, including its 
own weij^ty and r equal the thrust «r horiaonUd pressure on the key-efame ; 
then 

[36.] xp«xa4-x6 4xif. 

Also d eoual horisontal distanoe of center of gravity el half tim artii 
from iu springing, r equal the rise of the arch, and w equal the iimi|ht of 
half the arch; then 

{|7.] xp — XW 4 ' xd —Xr. 

JteUfitMjr wb/L.-- L et A equal height of wall, p equal Mmu« against 
witil, acting horuoataUy at one-third of the height of the wau ahnve iu base, 
aad A a number obtain^ from the anneied table ; then 


( 38.3 Xp — 2 XA 4 * 6 » 


1 JCiterial iHppofUd hp wi^. 

* 

Water* 

Pined^sand 

Lseaeehhii^. pedhuly dry . 

Coanaonaww, peiCutty dry and pulverulent • . 
the siiaa, elii^ uadmened, m in iu natnn^ 
wtibtiw meet UMMe and eempaet. . . , . • 


i*itii6y 

•P4d»» 

747 ^ 

TiSfo* 






OK LOOABltttini. 


as 


Mmitimm • •qual the torn of o thin mAm noviog t^roofli 

wmm f fiMi par Moond,' and m «|uai tkt lariifaawo ; 

ihoo 

[39.J XB » *230449+ ft + 

Rmitkuim qf waltr. — Tho sotetioa boiiif tho mm ; thon 
(40.] XB-*98945 + ft^ft + X«-. I. 


Htobaolios. 

IHttkarpt tkfwtffk pijM — Lei d eqml dianotafr in inchot, Q oqm! ioatk- 
tiff «f wator diaebargM in cubic feet per minate» I equal Uie lenj^ or tbe 

pipe, and k equid tbe bead; tbea 

[41.] Xd-|{aXQ*f *6515 + X (/ + 4*1 d) - X b - »}. 

[4a.] X Q - 4 { 13485 -f X A 4 - 5 ^ + 4 ft <0 }* 

[43.] Xf - 1*3485 +xA+5Xd-aXq. 

[44,] xA- *6515-4 axq + x(f - Skd--i. 

lH§ekarft (AroapA coaafe.-— Let « eq\ia1 •ectioiuil area of canal, p equal 
the wetted perimeter, I equal length, A eqtutl correapondinf fell, and P equal 
the irelodty in feet per oecond; then 

(45.]Xe« i* 96 ii 4 i -4 4 {Xo-f- XA-Xp - ft! }. 

Dfeedatpe oner weirt . — Let d equal tbe depth of water flowing over the 
weir, h eqim lie breadth, and q equal the cubic feet diecharged in a aeccnd j 
then 

[46.] xq« ^iiSSa-f x64-iX<L 


Stbrnoth of Materulb. 

TpluiU iOwaplA.— Iiet a equal area in equare incbee, w equal weight pro* 
dach^ Inctare, and x equal number in ooluain 2 of annexed table ; uien 

[47] »W- *«+*. 

dkrei^tA to rmst CrmdUng* — Let « equal tbe area in equare Inehee, w the 
wdfbt prodnoiBg fracture, and a nuebere in cohwin 3 of an nexed table ; 
tbea wben tbe bei|^ of piece U between oooe and 44 thnee ite diMieter, 

[4!.] A W-A«+l. 

Wlratfrt qf Oiefamae^^— *Lat w equal tbe fareabiiig weight in tune, P 
equal axt«ml, and d iatemal diameter, both in indma, I equal tbe fenglh, 
and 0 aqaal naadme he eeliiaa 4 of annaxod table ; thm whm tba aolrnm 
ic ealjd, with bulb enda romodod, and ita fengtb not loea than 15 tbaaalta 

[49*] X V "* 3*6 A B 1*7 X f *f* 0. 
ft IPPiiiaiar fia^lljkaaMMfa FarandMw 



yfhm ilM efitom ^ s<M bojtli mh m ijM Ibe iMg^ $f not Wm 
^tA 30 iaam tbe diameter ; tbca 

[51.] X w - 3*6 X D -- 17 X r + '47**43 + <*• 

Wlieii tbe eoltuon ii hollow; th« 

[51.] X w - X (d’^ - - 17 X / 4- ' 473ai 7 4- c. 

Trontvtm tirenffth qf a redangtdar bar , — ]Lat b equal tlie lireadib and d 
tHe depth, both in inehea, I equal the length, w the bnaking weight, and z> 
the namber in the fifUi coltunn of the annexed table ; then 

[53-] xw •* x&H- axd — xf-f n. 

TWamrw tlrtnffth qf Profoior BodgHwroh'* pinfer.— Let a equal area 
of bottqn diiige in indiaa, and d, w, and I have the aame meaning ai above ; 
then 

[54.] xw • 3*685911 4- Xa + Ad - Xf. 

D^/UriotL — Let ) eaual the deflexion in inchea with the weight w, and 1 
CH|ual the numbers in the sixth column of the annexed table ; tMn 

[55,] xl«-3Xf4 -xw^X 5 — 3Xd~B. 


Material. 

A 

B 

c 

D E 1 

Oast iron . . • 
Wrought iron . . 

Bted 

Bla ..... 
Oak .... . 
Pir 1 

4*a5333* 

4770499 

5 *>3943 
3’9*«559 
4074816 

3*9777*4 

5*o3H*7 

3-10(565 

3-5(65(7 

1*173186 

**4*4973 

**57403* 

0*109515 

0*068186 

3-3 >o 6,3 

3J59*J* 

1*518017 

*745*55 

1*567016 

4-6»933( 

4*761063 

4*816910 

3*109515 

3*517501 

3-4»«7»3 


The following eollectkm of examples apply to the foregoing 
formula, reference being ma^e bj the nuj^rg in parent&sea. 
Only a portion of tbe examples are worked ont at length, but 
Answers are given in eveiy case. 

SxAiindm. 

[u] What would the inieteat gt 4I par amt. 19911 #3653 Ihr 7 Ivan 

amount tol 

Le^thm of 3633 m 3*561650 
4 5 » 0*653112 
7 ■■ 0*145091 

5*060961 

a 


3*060961 - Lag of ii5o*69« 


A Asawwlaiiijo 141. 









m 0^ # lUf-pat n i w ii p i iA ighmi Itwb, 

mmnH 00 iik»mi m %% ymam} 

ImI «l Mdo tailidrt* •» o*oft||o^ 

*S 


liogirilhnof 364 «• I'stnoi 


3*103137 « Log of ia6S*05« 

.*. Antwar Is £iM is. 


•1.^ 


W)»l would £100 MMrant to at the end of 50 ytwrs, pot oot Is 
oonpofmd latenst at 5 per cent ) Ana £1146 15s. 


[1.] The sidei of a triangle are fespeetiTelj 564, 373, and 746, what Is 
its areat 


Logof£» 1(564+ 373 + 74 ^- a WSf* 
L»«of (d - al - (*41 - 564) - 0*44404$ 
Logof (d - « - («4S - 373) - 0*671173 
Log of (d — <■} • (84a — 740) « 1*981071 


a)io‘oaa8ii 


5*01 1405 •• Log of ioa6*6% 

Thsreim the area reqnired is ioa6‘6t, 

(4.] What is the area of a square, the length of one side of which k 
56*14 fisetl Ans. 3161*94. 

[$.1 What is the area of a rectmg^, the length of whose sides is 15*6 and 
16^ f Ana 151*61. 

is Uie area of a polygon of 1 1 sidsi^ each of which is 5*06 

Lofsrithai of f « 5*06 « 0*704151 


1*408301 

Lflftfithaue tan of 7$* 0*571948 

Lofwitluaefa a*!! « 1*079181 
*397940 


3 * 45737 * 


Lpgsritfai of am •> 1*457371 •• 186*663. 


fl| mulslLaim ^mmm^nmrnA sldeef wbisli is 5 Ihatf 

Am 110 * 71 . 



HimtIiiMit rtaurnsz 


M 

iii 9,3 k ilM di t ttinft w a et tttti tret A cMl «Immp 
Hmmiw ii at 7 » Itxt 

2««|uitlifli of i{ s 1171 s i*33$S6o 
•W>50 


IiUftfitibni of 6 xamknMe s=; 1*834010 xs 68*136. 

1 


3*668020 

0*900790 


4*$688io 


Logarithm of am ss 1*568810 as 370*51. 

[7, 8, and 9.] What if tho diameter and circumfomco of a etrcio whaao 
aroa ia 562 aquare feetl 

Ana CireomforoDoe ia 84*0376 ftot, and dkmolir ia 1675 feet 

[10.1 What ia the length of an arc of 73* of a cirdo, whooe faditu ia 
34 71 Mott Ana. 44*137 feet 

[i I.] What ia the am of a aoctor of a cinde whoae ladiaa ia 16 feet 
rthm aidea inclade an aitgle of 41* 1 Ana. HrS^ 

[11.1 What ia the am of a parabola whoae abaciaai ia 5*31, and the co^ 
reaponiliag ordinate 4*1 3 1 

Logof (lyjasi X 4**3 = 07*^*® 

Xi^ofa^ ss 5*31 9=0715911 

•813909 


1*466801 

1* 


1*466801 SB 19*195 3s am ef paiahola. 

[13.] In a parabola an ordinate mcaaared 5't7» and ita ooRiiMding 
ibamm 8*95^ vi|i bo the length of the ordinate wheee ahaeima fe lot 

Logy,a: 517 = 0713491 
1 


1*416981 

Log jCy s£ 10*00 sr 1*000000 


1*416981 

LcfiTiaB 1*95x60*951113 

liVlldM tf ]%» 07)7177 riM ^ 



4itlMlirii»7 iiid ^ tmiwvem <itiia«t«r k ^ ! 

Abm^ Am U tos^-oS ; and pwipiMry k 119 * 3 ! 

[i!] 1 b IB vkoM two diaBMiman 51 aad 3 !, wlait k tlMWii|vk 
oC tiM oidlam oomqpoading tHth an alMckm oC 10 

Since jr, ssao, X|S:5i — aoss 31. 

llOfr C, SS so SS I'3010|0 

Logjr,« 31 881*491367 


s)i79S397 


1*396198 
Lege as 38 a:i- 5797«4 


*•975981 
Log! as 51 8= 1*707570 


Log 9 as 1*268411 as 18*553 SB tile ordinate regulred. 


[17.] What if the cubic cootenU of a cylinder whoce diameter it 1*75 
ISset, and itc height 6 ieetl Aiif. 35*637. 

[18.] What it the cubic content of a cone whote diameter ii 3*5 feeL and 
iu m^t 5*41 feet! Am. 34*7^ 

[19 and SO.] What it the epKerical turface and the loliditj of a tphere 
whoee diameter it 5*734 feet 1 

Ant. Surfue it 163*46 feet; lolidity k 98*711 feet. 

[11 and 12.] .What it the turfece nnd eoUdity of a tetmlfdreii, one of 
whoee iineai ed^ it 7*31 feet, of an octaedron whote lineal edge it 3*17, 
and of a dodecaodrou whote lineal edge it 5*69 1 

Ana. Tetraedion, lurfece it 146*09 feet ; tolidity k 46*036 feet 
OctaSdroB, turiace it 34*81 feet; eoliditr k 15*005 feet 
Dodeeaedm, eurfeoe k 668*43 tolidtty k 14117 feet 


{23108 14.] 1 b b ^aoe trkngle two e^ He etdea are 7*3 and 6*91, and the 
BB^ the lei^ tide k 74* 39^ what are the resiaiBing aogtet and 

*Ae length of the etiMr tide! 


Tkn by (»j] 

LogafkbmietiB ^ 74 * 3 ^ « 9 * 9 MH 
Anthflt eeatab of leg of 7*3 oat 9*1 36677 
Loftfiihmef • , • 6*9131 o*8^io6 


19*961007 

10^ 

Ltytineedaiglee^ ethmrtidefla 9*961007^166* 4^ 56^^ 



m 


BtiBamROMt nuxm 


" ”* **" *” *" ** "*** 


JiOilfltlMl of 


i&m. «oni& of1« 
LogoritluBfe ilR 01 


» . • . 6*93 tss 0*140106 

fill of 66* a' sTm ox>3^$ 
• 19 to 4 K 9*SOf|M 


io'6So46<; • 
10* 




Loguithn of oide required • • sc o’dSofds as 4*79t« 

Am. The tbioeoidio ore 4791, 6*93, and 7*3, end t6o throe iB|leeef9»> 
•ito to oioh foipectively no 39* 16' 4 , 66* 4' 56", and 74* 39'. 
[35 nd 3.1 Two eidea of a triaaiakr yiaoa of gnmnd neaeore Srio and 
105*75, and tae angle ioditded betfron thoaa ia 47* 51', what ii the leogtll 
of die other tide, and the area of the piece of gronndt 

(105*75 -«i*io) as i*39i»i7 

Ahth.oomp. of log (105*754-61*^ , as 7*736507 
Logarithmic tan m ... . 66* 4' s: 10*353776 


19*473*« 

10* 


Log tan of half the difierenoe 
oppoeite the giTon etdei . 


9*473103 xs i6* 33' 14" 


Arilh. eomp. of Iff coi of 16* 33' 14" as 0*016364 
Logarithmic eoeine of . 66 4 o ss 9*606177 
Iiofniihmof . . . (105*75461*1)35 3*371493 


11*696054 

10* 

La9fMdt|ff¥thhdild* m Ane. 

Ana. And thenaa h^ (p] ia ^55 a^tnaelwl. 

IW6.3 h « phuie hdaiigle whoae aidaeaN tr^ ^ ^ ^ 

oppoaHe tho# ttdea req^vely 1 

AftthsMtioal ooBipb k log of 63 . a 6*307646 
Leg of ... . (*rS + 54 * 5 )?» ** 6 W |3 
Logcf .... ($ 4 S"-* 7 W^ > 6163 ^ 

**•554630 

10 * 


lilWMi.rf dh. M|-\ 


‘5549^ « 


tlwMAm lk. lmpr .^paMtb |t + >r94S*'4*>M.*'^ 
i w pw v imi . • -y'..: 









^ • 90*« 10*000000 
Amk um^ of i«| of 54*5 » <*»i 56 o 3 
Iiflgiritlim of • • 4^*943 ^ 1*685691 


iy 9 S 3*94 

10 * 


liogtiaftoC«ii|Wo9p. Uigera»fmeBts= 9*953*94 3 b6|* 54' 4^ 

Tbofi 90* ^ 6t* 54' 4" SB i6* 5' 56'' S3 tngk «|»po^ lido wblch 
mfMutu 27*3. hpAn, 


IiOMrithmic iIm of . 90^ ss 10*000000 
Amk. eorap. of ]0(f of 17-3 sc 8*563837 
Xiogorithm of . . 13*05788 1*115843 


19*679680 

10 * 


Log tin of Anglo opp. loioor oogment sc 9 679680 ss 28* 34 23^ 

Tkon 90^ — 28° 34' 23"3 s6i^ 25' 37'' ss Iko onglo oppooito tko lido 
whiek meaiuref 54*5; And 28® 34' 23" + 63® 54' 4''ss92® 28" 27" sb 
the angle opposite the longest tide. 

[27.] Wkat is the length of the diagonal of a leotangie whose two tides 
arii 34 and 53*2! Ana 63*14. 

[28.] A house is 47 feet in height, At what dittanee must the base of a 
ladder 53 feet long be plaeed from tbe bouse in order that the top of the 
ladder may just meet that of the honeel Ana 24*5 feet. 

[30.^ What if the tie vi?i of a railway train weighing 1 1 7 tons, and 
truvellug at a rate of 33 miles per hourl Ana 19,3 1 3,300,000. 

[31.] A body haring been fhlling (kw ly by the action ef pwrily In* 7*5 
second^ H is dMired to know the space wbkh it has Ihllen through. 

Ana 915*37 


[|2 knd 33.1 A body falls under die induenee of gmrity from a beifkt of 
427 feet what tine wul U occupy and what will be its filial retodty, neg^ 
ieckiif m reeietaiiee of the airl 

Ana It wUi oiQi^ 4*1866 seeonds, and nevdie * reloeitiy of 165*995 
Jeet per aeesind. 

[34.^ Wlmt length of tfano wffl a pcodiilitm 34*7 iookes in length U in 
ngndnfo ^ 


irihsatet 


4na 0*9416 seiwida 


£35.1 A bodp weii^iing $3 Iba is whirled reniid in a drde whose radios 
is IS lesc, wHh a rebeity JT 127 lko| p«r feoenA !• As stain nvon 
tha lopi 1 ^ whiek it Is ooMitainid to nmro In tiw dnlsl Ana 17703 lha 

£06.3 Whit jpjio herifootel pressar s at the ewwn of an 
nmm^ mtnkmk 147*52 fhet^ whose hmadth Is 35 Imh and dtsfwM 
wtl^m «mA ogtii iist iitl# ksor^oMiii 974ba I Ana f 



Ij i Hlilt fc4l<ii(<»^ ilnitrfiit 

Jkm i 9 of| 

^ Am* »t 447 m 


f^*1 UlMlii ilm pnmn ifjOntt « dnet to InC vult. miA Itfiiig « 
I»yaitl7fattwttof^|tiiitt it! Ant. }o^i»46olte. 


^ t»»« 4 «.l^ tMiftaiiM wotld « fcotvd whom tret k 147 e^wre 
Ibft tytritap t ki hAag movtd Uuoogli die tlr whli t vdedtj ef 17 fcei per 
tetMrfy tad wbH Mdd tie dM ledettiiee la wtiert 

Aot In m, 7t*ttt Ibe. ; in wtler» 4146*341111, 


[4t,] VIttI mHutd^ of inter w0I be dkebeii^fd by t pipe iS incbee in 
dkuMteri 5371 ftet knig, tnd nader t batd of 75 leett 


Log of i{ SB 18 as 1*2551715 

5 


Leg of 61 


6*1763615 
:75 b: 1 * 875^13 
1*3485000 


9*4999138 

Log <l 4* 4*»<0 ®= 544^*^ «= 373^**55 


1 ) 57 ^ 379^3 


Log oi quintity per minule s= 1*8818991 s= 761*9. 

Am. 761*9 cubic iMi per ndneie. 

[44] Wbtt betd win be required to force 350 etbie feet of inter per 
adntie duongb t pipe 15*5 inelm in dJtamer, t^ 3640 ket kog t 

Ant tt7396wi 

[45,] Wbtt U tbe Tolodty with wbkb inter win flow duroogb t eoadoit, 
15 feet wide tt tbe enrfeee, 4 febt deep, with tbe Mm eloped et 1 to t, end 
tte inrlintdon of dn tgrfeee of tbe wtter in wbidi biding per wbl 

Ant 1*383 feet per leei n i 



dAt 14573 etbie per eeeaiA 

[47.] Witt weigbte wonM be reqnhite te tear aeaader lede t fndMe 
equMCi^ ef ctet bmt wtoi^i iron* eek* tnd flrl 

Ant OmI Iffoty 71*680 Ibt; wreqgbt bren* 135*810 At; «tk* 
47«5no|lt»3 fer* 38,ooolbt 

I4II 1flittiN%88 wttboieeeiMiytoewMfetbfeAtefetetiiiii|itebie 
ifittif Ann p6fe7joftt 

t$i«} WlMln«|||*«IBbt neqtbfodlt hmk t beHow relwwi wiA iti 


H 

olt^ 7 ^ 74 < 

hm^dmwm ivooooo 


3*6coccco 86 leg «f «B )fgi*i 
ws 3^3‘5 

Lng (!>*•- » 3691585 3*5^743? 

028 1*173196 
0*473117 


SII3R4I 

Leg I s 37 ss 1*566101 X 1*7 38 1*6659434 


^$^896 BS log of 353*1. 

Therofuro ibe aniirr U 353*1 tont. 

($3.] A bir of cist iroft 1 inebes wide iihI 3 inches deep is laid upon sop* 
ports 6 fiMtipirC, whit weight applied in the center woula break It i 

Ana. 61351111 . 

U4.I What weight applied in the center will be required to break a girder 
of Fnmmor Hodgkinson’s form of section, in which the area o( the botti«m 
iatiu«* b 16 squaie inches, the depth 1 5 inches, and tlie distance between the 
supports «3fset I Ans. 61,173 Ibe. 

[55.] What dedeiien will he produced bi a bar of cat! iron i inchee 
wide, 1 loolios bi depth, and witba 6 ioet bearing, by a weight of 1730 Iba. 
applied in the center 1 Aus. 156 inch. 




m 


APPENDIX, 

TMi 0 / ths Logarithm 0 / owrg Prim Numbor 
from H to 1000, 


















6 ^ 


trim mmhm m liitita lAidl «he not ditiiibla Iqr tnj 
other nurnto* et wbihh eeniiot be leeeiTed into &otor«; thus 
Is » |fftme eumberi heoMiso it osmiol be divided hf mj 
ttomber without losr^ a remainder, while dS4 is not a prime 
ifainber, it being diviaiUe d and other numbers. The^^ 
Ibgsirithiiia of an? number whioh is not a prime number may 
te readily found by adding tcmther the logarithms of Uie 
dsvoral prime &otors by the maitinlioation of which the num« 
her is |»odiiced. Thus the numW 234 is produced by the 
nmlt^ueation of d, 3, 8 and 18 ^all prime numbers,) and the 
knsrithms of those numbers being uken from the table and 
ad^ together, the sum will be the logarithm of 284. For 
mample — 

of 2 SB O’Soioaoo 
.. 8*0 4771218 

„ 8 *0-4771213 

„ 18 * 1-1189484 


Logof 234 *2 8892160 


Again, the number 578 is composed of the prime factors 
2, 17, and 17; then 

Log of 2*0-8010800 
„ 17* 1-2304489 

„ 17* 1-2304489 


.*. Log of 678*2-7619278 

In this manner we are enabled by the foregoing table to 
find the logarithm (tme to at least 6 fibres) of any number 
which may be given, whether prime or oAerwise ; for if prime 
ita logmiuim will be found at once in the tal^, but u not 
prime its logsrithm will then be found by taking the sum of 
the logariihms of its prims ftetofs, as explained above. 



54 


!tM§ bif the aid qf wkidk ika nmoSbrn rnmoaring $a 
logarithm earn h$ found to m flam* 




t 

10 

100 

1000 

toooo 

tooobo 

I 

a ■' 


04 * 39*7 

0791I1S 

043114 

otbooi 

0434* 

0*477 




1010900 

04 

09 

3 

4 

4 r 7 *«l 

eoto6oo 

umi* 

1461 xSo 

1XI37S 

170333 

13009 

*7137 

1303 

*737 

130 

*74 

»3 

*7 

1 

•9*9700 

1760913 

»it *93 

ii 64 i 

2171 

117 

11 

77 * 15*3 

1041100 

*33059 

259*0 

2605 

1 261 

i 4 

7 

*4509*0 

13044*9 

* 93 * 3 * 

30*95 

3039 

304 

30 

f 

9030900 

• 55 * 7*5 

* 7 * 753 ® 

3 J 4 »|* 

346 o 5 

3*912 

3473 

347 

35 

9 

9 S 4 H *5 

374»«5 

3907 

39 * 

39 


In the above table the arguments are natural numbers, 
and the resultants tbeir logarithms. The ilrst figures of the 
arguments are found in the top horizontal line, and the final 
or unites figure of the same in the extreme left-hand column ; 
the logarithm is found at the place of intersection, that is, on 
the same line with the final figure, and in the same column as 
the other figures of the naturul number. In the five last 
columns only Uie final nifjmJivmU figures of the maiitif^sa of 
the logarithms will be found in the table ; as many cyphers 
most Im added to the left of the figures given as are neceesaiy 
to make up seven figures. Thus at the top of the fifth 
column we nave 100, and on the fourth line we have i, then 
the figures found at the place of iiuersection are 17567, to 
which adding two cyphers on the left hand to make up the 
seven figures, we have *0017337, which is the numtissa of 
the loganthm of 1004. 

The manner of usin^ the table is as fidlows Having 
given a logarithm of which it is desired to know the oorre* 
sponding number* look among the resultants in the table for 
the next less number to the maotissa of the given logaiitlmi, 
and write down the natural number corresponding with the 
logarithm taken from the table, subtract this loganthm from 
the mantissa given, and sgain look among the resultants in 
the table for the next less number to the remaiiider, noting 
the number among the fuguinetils answering to it; then 
tract the resultant from tlie remainder, and look again for the 
next less r^tant to this remsinden and thns proo^ until 
the given logarithm has be<m exhansted, that it. until no 
ntaiiBbr m left« mak tune aoUng ilm natural numbeis ee^ 
















mmm- 


i # ^ t)i» trill*. Hmm 

i*^ nwnsiM t«Brili«r, til* predoBt irill ba 
himi^ ^ lopnOua originrily 

jiri* inioviaF* li*w **«> PK> amngvd thri 
iji» tuqr Iw ?*iy iMfririf p*ebnn*d. 


ISiUipjIkTrGlf ribat muriMr k Uu kfarithm ? 

Oi*en1<)|guithi|i .... iF'SOTii^ii 

!fnt l«* in ikb^« . . « .8010300 ^ <|f S 

IntranrinS^ s 508908 

. . c: *18987 aKkgof 11 

9ndntnri08or = U9975 

Nest less logarithm ... a 198379 ■■ log of 103 

8rd ranainder s 31008 

Next loM logarithm ...» 17837 m log of 1004 

4th remainder » 4900 

Nest leas logarithm ... as 8907 » log of 10009 

6th remainder » 868 

Next leaa lo^thm . . » 847 » Itijg (ft lOOOQO 

OAremauider » IS 

Naweri logwMhm . ...» 18 » lag 9f IQQtfOpip 


Thm 3 X 11 X 108 » 9900, which has to ba next multi. 
pUad 1004, or bjr 1000 aai ^ 4, thns 

3300000 » 3900 x 1000 


0001»936e X 4 


3376004 


13ik agrin hea to be mnltiplied bj 10009, 
33760040000 
30476670 


33771 I 16670 




4 & 




fill im wgin to ll hf 100006, bat un mtA Boi 

jniiiii move iImsi 8 Ogorea, and Aa mniiiiidor m lie 
tmfH om oC iod ttijr%me in Ibo moltin&ttioii hf 6 
Bfacii lioidd fidl imdar aiijr <tf the Ogam ao oat off amj bo 
omitted ; to know bow manj Ogurea &vm to omit^ {Kdnt off aa 
maof Ogorea ftom the right aa there are figarea beifoie the 
milimf by whkh joa are about to multiplj, and pecibrm the 
mult^d w irti o n only apcm the remaining flpuea, tMlqti g oare, 
howorer, to cam to the multiplicatioii of the firat nomber 
whatever would nave been carried ihmi that of the last figure 
out off* Thai, in the example, there bdng figim before 
6, the number by wfai<fo we are going to malt4>lyf wa pmnt^ 
the >fiw ri^t hand figoraa, and on^ multiply fifiT by B; we 
add in, however, 0 omied firom the multapuoation of the 7 
cutoff. 


227,71116 

1822 


22J72937 

68 


22778U06 


The last multiplication is by 1000008, and the answer is 
true to seven pia^ the real number bed^ 2277*8. In the 
ezamde above, aa the figures to be multipliM by 1000008 ate 
not aobotad by the addition of 1822, this need not have beau 
parfbniied until afterwards, aa below. 

227J1I16 

68 


22778008 



A»sin>ix. 


tr 


Wkst ii ii>» moDbar oMnmmdiag to tha lofMtKm 


MS1071 

8<S0980<Blogof7 


7 X 103 n 714000 
3143 


100001 71,6,1.4300 

86003 » log of 103 14S38 

3866 

14080 648 

18000 » log of 1008 

71683081 

860 K 1(^ of 10003 

311 ' 

174 «s log of 100004 

87 s log of 1000000 


The number ii 71683. 


What ii tbe number wboie loguithm is 3*6108888 ? 

6108838 101 

6030600 ax log of 4 4 


88338 

404000 

43314 « log of 101 

8686 

40010 

40.7.0,8600 

88013 -a log of 1000 

8168 

3088 

1107 

004 

860 •• log of 10003 

40778096 

388 


317 » log of 100006 


81 SB log of 1000006 




•8 


Amiisiz. 


«%oM bgHiibii is PVlVfmf 

7787687 1008 

7781518 « log of 6 t 


16074 60,180000 

18009 s log of 1 003 43196 

861 

8066 

8080 B log of 10007 60333487 

36 * log of 1000006 


The number required is 
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PREFACE. 


Ths present little work, while complete within itself, is in* 
tended also to form a companion or supplemental volume to 
three oUiers of Mr. Weale's lludimentai7 Series; namelj, to the 
Kadimeuts of Nautical Astronomy^ the Hndiments of Navi^Uon, 
and the volume on Logarithms. In order to the attainment of 
the first object, such an explanation has been prefixed to the 
Tables as is sufficient for showing the maimer iti which they arc 
to be used, and the purposes for which they are to be employed ; 
and such examples of their application have been added as will, 
it is hoped, remove all difficulty in their employment. 

The Tables of the Logarithms of Numbers, aud of Loga- 
rithmic sines, tangents, Ac., have been reprinted from the third 
edition of Gregorys Mathematics for Practical Men; and tlic 
Table of Proportional Parts, first given in that work, has been 
arranged in a new and more convenient way in the present 
Tables. 

Tables I. to V. will be found of considerable service for 
general purposes of calculation, in addition to Uuur application 
with Tables VI. to XVIII. to the iinportant purposes of Navi- 
gation and Nautical Astronomy. 

The remaining Tables will be found of constant use in all 
maUieinaticat investigations involving trigonometrical expres- 
sions; these are principally compiled from Hatton's Mathe- 
maliod Tables. 

In the preparation of the Tables and ia their progress through 
the press, every care has been taken by carofiil and repeated 
reading to insure aeenraey, an olject which it is oonl^ntiy 
hoped has been successfully attained. 

H. L. 


Ou» Wimoa, IBiii /wm, ISSO. 
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EXPLANATION AND USE OP THE TABLES. 

Tahln L and 11. 

Logarithms of NunU)sn. 

As a description of the nature and properties of logarithms will 
be found in the Rudiuieutary Work on Logarithms^ and is not 
essentially requisite to their mere a) plication to the purposes 
of calculation, wc shall here only espluin the method of using 
the accompanying tables. 

By an inspection of Table II., which contains the loga> 
rithma of all numbers from 1 to 100, it will be seen that each 
logarithm consists of two distinct parts, separated by a decimal 
point; thus, the logarithm of 15 is 1*113943; the number to 
the left of the decimal point (or 1 in the above example) is 
called the indM or characUrUiic^, and its value depends only 
upon the number of digits in the quantity whoso logarithm it 
is, without any regard to the value of that quantity, and it is 
always 1 less than that number of digits; thus in the example, 
the characteristic of the logarithm of 13, which contains two 
digits, is 1 , or one less than tliat number ; and it will be seen 
from the Table, that 1 is the characteristic of all the loga- 
rithms from 10 to 90, hut that, for numbers below 10, the 
index is 0, and for 100 is il, in each case 1 less than the 
number of digits in tlie quantity of whose logarithm it is the 
characteristic. The i Haracteristic, therefore, of the logarithms 
of all numbers 

equal to or greater than 1 and less tlian 10 is 0* 


ft 

»» 

10 

»» 

100 „ V 

tt 

r* 

100 

n 

1000 „ 2 ' 


»* 

1000 

»» 

10000 ,, 3 - 

** 

»♦ 

10000 

ft 

100000 ,, 4 - 





Sic. kc* 


* In 0f4«f tn svni4 wutamm firam tW nto of the wotd bdox to 
two thhogB, wo ihan thfong boat thw work omploy the torn ekamttmum 
whoa ipAhinf of lo|niitfa»i, and index when ipeakiiig of roou or yowafSi 
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d 

When the qoaiititj is less than unity, the cbsracteristk of 
its logarithm becomes negative, and its value is determined 
by the number of (^^hers which occur between the decimal 
point and the first significant figure (the fraction being ded* 
mally expressed), and is always I gi^eater than such number 
of cyphers ; or it is equal to the difference in the number of 
figures iu the numerator and decimal denominator ; thus, the 
cnisiacteristic of the logarithm of 


•1 or 

* 

is !•* 

•01 

ihv 

.. 2- 

•001 „ 


,, 3- 

0001 

juItsjs 

.. 4- 

&c. 

&c. 

Sk. 


The decimal part of the logarithm, or that lying to the 
right of the decimal point, is called the mantisia, and de- 
pends entirely on the relative value of the figures composing 
the quantity whose logarithm it is. and not at all upon the 
actual numerical value of that quantity ; thus, in the example 
already given, the decimal nait of the logarithm of 13 is 
*118948, which is also the aecimal part of the logarithm of 
1*8, or 180, or 1800, for in each case the 1 and me 3 have 
the same relative value. So that the decimal portion of a 
logarithm is alwa^ the same for the same figures, and is not 
altered by the addition of any number of cyphers either to 
the right or to the left hand of those figures, or wliat is 
equivalent, by the multiplication or division of the quantity 
by 10, or any power of 10; it is only the characteristic of 
the logarithm which alters its value, 1 being added to the 
cliaracteristic for every 10 by which the quantity is multiplied^ 
or iubtracted from it for every 10 by which the quantity is 
divide. Thus, 

the logarithm of 745800 being 5*87^6il*2 

that of 74580 is 4 87^9d 

„ 7458 887aoaa 

„ 745*8 „ 28720211 

„ 74*58 1872022 

„ 7*458 ,. 0*872622 

„ -7458 „ vmm 

„ -07458 „ 2*872022 

*007458 8*872022 

i(-^) 

' la avew hi biiig wSmedenmed fiw tbs il^a sf 
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It onifit home in mind, thtt in tlie l<^gartthtii cf e Cirte^ 
tiotiat qtuoitt^* it it only tlio eknraefwitiic which bit e 
lift veIuo, and that the dectmtl put e lo^rlthm it Elwm 
potitire. It is, however, oometiniet convenient to hEve tne 
whole iogErithm expressed, natively, both oharactenstio and 
decinml ; for which parpote, sabtrsct tlie last right hand figure 
in the decJmal portion from 10, and all tlie others from 9, and 
tlie result will be what is termed the arithmetical eompUmmi 
of the decimal, to whidi prefix the former charaoteristio lets 
), and the result will be a negative logaritbin, equivalent in 
value to Uie original logarithm having only a negative eharac- 
terestic; for example, the logarithm of *07458, as above, is 
U'STilCit'il, which is equivalent to ~ 1*127378. It is also fre- 
quently convenient to take the arithmetical complement of the 
whole logarithoi, and this is obtained by subtracting tbe ri^t 
band figure of the decimal from 10, and ail the others from 0, 
including (he characteristic when poeitive, but if negative it 
must be added to 9. Thus, the aritlimetical complement 
of 8* 146 1 28 is 6*858872 
2*076276 .. 11 •9237 14 
5-322889 „ 4*677161 
„ ‘1-986772 .. 10*018228 


CJSE OF THE TABLES. 

To find the logarithm of any given number. 

If the number is less than 100, its logarithm will be found 
in Table II., with its proper eharactenstic prefixed; but if 
the number contains more titan two figures, its logarithm may 
be found fmm Table I. as follows If there are only three 
figures in the number, look for that number in the first column 
of the table, and on the same line in tlie next column to the 
right, under 0, will be found tbe decinud portion of the re 
quired logarithm, to which the proper characteristic must be 
prefixed, according to the rules which we have just explained 
if tbe quantity contains four figures, look ibr tbe first three 
figures in the first column ss before, and the four last figures 
of the logarithm of the required number will be found on the 
same line with those three figures, and in that column which 
has at its head the fourth figure of the given number ; the 
two first figures of tbe logarithm will be mund in the second 
eolmsn (hwled 01 and which %ores being common to dl 
ttie kgmhms inclosed 1^ each pair of horixontal lines, it |i 

n 9 
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imiieoeMijr to repeat Wheretbeee first figaresebauge their 
Milae ki m nidme ol a line, the mine is indicated a hresk 
hi the hmhseiital line, thus, 139S79 [ 6l94, which shows that 
^ two first figures (13) have changed to 14, and the right 
hand loguitiim is therefore 140194. 

ExampleB, 

Bequired the logarithm of 734. 

In ^hle I., on the same line with 734 and under 0, are 
found 5696, the four last figures of the logarithm, to which 
the Common figures 80 and the proper characteristic 2 being 
prefixed, we obtain 2*865606, the logarithm required. 

Find the logarithm of 3476. 

Here, on the same line with 847 and under 6, will be found 
1680, which, with the two first figures and the charaoteiistio 
prefixed, is 3* 54 1080, the logarithm required. 

The log. of 6-84 is 0-766413 
0932 „ 2-9694 1 ft 
„ 10-24 „ 1-010300 

„ 8708 .. 3 509140 

When the quantity whose logarithm is required contains 
wore than four figures, proceed as follows^—- Find the loga- 
rithm for the first four figures as above, then look iu the first 
column of the Table of Proportional Parts, at the lower part 
of each page, for the first four figures, and on tbe same line 
in tbe column having at its head the fifth figure will be found 
the quandty which must be added to the logarithm alreadr 
taken out, to give the logarithm of tbe quantity first required. 
If tbe first four figures are not found in the first column of 
the taUe, then take the line containing tbe next ln$ number 
to it If the number whose logarithm is required conuins 
wore than five fibres, proceed as above to obtain tlie loga- 
rithm of the first Ive figures, then, on U^e some line of the 
Table of Proportional Paru that the number added to the 
logarithm for the fifth figure was found, and in the column 
having at its head the sixth ^re, will be found a quantity 
whidt divided by 10 (or what is tbe same, having iu right 
hand figure taken away*), and added to the logarithm dready 
Ibund, wilt give the logimthm of the first six figures ; agaiut 
UMtIiu SiM line and m the column having at iu been the 

* If ^%Ma tbai vat sff •sm4i sat mit be a4M is lie fail 

Inal %aia lih. 
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■ereiitii irill be ibund a euaatitf irlilob« diTiM bgr 

100 Tor baring two figures cut oft from tbe right haiid}i iad 
•ddea» will give the logirithm eeven figures 


Examplu, 

Required the loganthms of 11488, 6fii547, 708054, 
7648170, 


Log. of the first four figures from Tab, I. 
From Table of Proportional Paru on line) 
with 1148 and under 8 j 


4059040 

808 


Logarithm of 11488, as required 

Log. of 0*215 ......... 

From Table of Proportional Parts, on line 
with 6160, the next less No. in tbe • 
table to 0*215, end under 4 . . . . 

On same line under 7 

Logarithm of 62)547 

Ix)g. of 7686 

From Table of Proj)oruonal Parts on) 
same line with 7086 and under 5 . . j 

On same line under 4 



Logarithm of 708054 

Log, of 7042 

From Table of Proportional Parts on) 
same line with 7552 and under 1 . .j 

On same line under 7 

On same line under 9 


ts 5*885780 



7 

00 

618 


Logarithm of 7642*170 3*883217 


To find the numW amwering to ang ghm logariUm, 

Look in the upper portion of Table 1. Ibr the dven Iqga« 
rithm, or the next less in value to it that can be found, iftou 

* thf ffUMUk at page 7, with ngeed to tka awabaraf risM»«ale % 
IMwlad ap a a , ' 
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Iha mme line^ in the first colmnti* will be Ibmid tb# fint 
thiee %ttre8. end et the heed of Uie colomii in whkh the 
logenthm was ibnnd, the fourth figure of the imniber aovglit 
If the given logerithtn is found exactly in the table, the figures 
thus obtained will be the required number, care being taken to 
IMfsnt off woe more figure to t he left hand than there are miits 
in the ebamcteristic of the given logarithm, cyphers being at<- 
taehed to the right hand of the number, if requisite. If, ^w- 
ever, the given lo^tbm is not found exactly in the table, 
subtiwot (mm it tne next less logarithm found, calling the 
remainder the first difference ; then look in the Table of Pro- 
portional Parts on the same line with the fonr figures already 
obtained from Table 1. (or tbe next less figures which can be 
found) for this difference, and at the head of the column in 
which it is found will be the fifth figure of the number sought. 
If the first difference is not found exactly in the table, look 
for the next less number to it, which subtract from tbe first 
difference for the second difference ; then add a cypher to this 
second difference, and look for it on the same line of the Table 
of Proportional Parts, as before, and the figure at the head of 
the column containing the nearest number to it, either greater 
or less, will be the sixth figure of the number required. 

Examples, 

Required the number answering to tbe logarithm 3-341756. 

Given log.ass8-341750 

Next less log. in Table I.x=3-341546 =e the log. of 1744- 

In Table of Prop. Parts' 
on same line with the 
next less No. la 1744. 


On the same line . • . 


In this example the next tees logarithm which can be ftMuid 
hi Table 1 is fi-341546, the number aaiswering to whidi, 1744, 
ll Ilie4hf$l four %utw8 of the number aought; then sidilraci* 
tbia Jugarilhm firom ^e ghren kmthin, weeblaiiilbr the 
nm iimmm ftlO, and loemg in tM Table of PiofMliecMl 


310 first dif. 

106 is found in col. S 

1 10 second dif. 

99 is found in col. 4 *04 

The No. required » 1744*84 
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Pirtf mi aline with 1740 (the next lean number to 1744), for 
the next less number to 1210, we Bnd 199, at tiie head of the 
eolnnii] containing which ia 6, the Afth figure req^uired ; then, 
atthtracting 199 from 910, we obtain the seooud difference, U, 
and adding a cypher, the nearest number which we find on the 
same line ia 99, at the bead of the column containing which is 
4, the sixth figure required. 

Required the numbers answering to the foHo\Ting loga- 
rithms 3-610009, 9-475771. 3*671694. 

The number answering to the logarithm 3*510000 is found 
at once to be 3936. 

Given log. =: 2-475771 

Next less log. a= 9*475671 ss the log. of 900*0 
100 « Ist dif. 

From Table of Proportional Parts $7 *00 

130=:9nd dif. 

130 -000 


No. required as 900*000 


Given log. = 6*871624 

Next leas log. as 5*871573 as the log. of 744000* 
51 as 1st dif. 


From Table of Proportional Parts 40 ... . SO- 

SO 

62 9* 


The No. requirod a 744089* 


It sbould be observed here, that the nnmbm of figures 
which may be de])ended upon in any result obutned by loga- 
rkbma, w^ he equal to file number of decimal places in the 
logarithms emplojed ; thus, in using the tables appended to 
tldi worfc, the resulta duained will be accurate to mx figures, 
exCMit towards the end of the tMee, in which only five figures 
Amm he iruelad. 
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r lil., /7., and V. 

Trigonometrical Tablee, 

Mailiematicitiis Imre computed the lengths of the sines, 
tangents, and secants (assuming nnitr for the radius) eor- 
respoii^ding to arcs from 1 minute of a degree, through ail the 
gnmilions of magnitude, up to a quadraut or 90*^; and the 
results of the computatiotis ore arranged for use in tables 
called Trigmometrkal Tablee* As, however, these quantities 
have to be carried to several places of decimals in order to 
obtain sufficiently accurate results, their use in calculations is 
attended with much labour, and therefore it is usual to employ 
their logarithms instead ; but in this cose the assumed radius 
is taken as 10,000,000,000 instead of unity, since with the 
latter most of the quantities would be fractional, and therefore 
have negative characteristics, the use of which would be iucon- 
venient, and is superseded by taking the radius as above. 

Table V. is such a table of the logarithms of the sines, 
cosines, tangents, cotangents, secants, and cosecants, for every 
minute from I minute to 90 degrees, calculated to a radius of 
1 0,000, 000,000 as above. It will be observed that the head- 
ings of the columns i*un along the tope of the pages as far as 
the 46 til degree, after which they return along the bottoms of 
the pages in contrary order, as below : — 


Sin 

D. 

Cosec 

Tan 

D. 

Cot 

Sec 

D. 

Cos 



Sec 

Cot 

D. 

Ton 





The reason of this will be apparent, if we only consider that 
the cos, cot, or cosec of an arc is the sin, tan, or sec of the 
complemmit of that arc. The intermediate columns, headed 
D, contain the differences of the consecutive logartibins in the 
contiguous columns on either side; it will be seen tliat the 
same difference is common to the sin and cosec, the tan and 
cott and the sec and cos; since, from Taltle XXL, 

tin wt or 1 k sin * coscc ; tann-i-, orlv&tan.cct; 
cosec cot 

aeows^t or I JBs sec . coe ; and consequently, log m -f log 

ooaoo SR log tan 4- log log sec + log ooa as 9 log lad ; 

therefore aa the sin, tan, or aoo increasca, ao must the oonre- 
sponding mm, cot, or cos dhniniah, and tb^ dtffmiipes 
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most be equal. The diiere&ces of the siBes and toomts are 
not inserted on the two first pagea, fcur the reason explaiWat 
page 10. 

USE OF EABLB ▼. 

Tofimd tki h^ithmic nne, qf a are. 

If the arc contains only degrees and minutes, its sin, tan* 
ise,, will be found simply by inspection, by looking along the 
top or bottom of the tables for the degrees, and then in the 
first or la$t vertical column for the minutes, according as the 
number of degrees is less or greator than 45* ; ana on the 
same line, in the column having for its title (either at the top 
or bottom, according as the degrees were found) the name of 
the trigonometrical quantity required, its log wUl be found. 

If the arc contains seconds as well, the logarithm must bo 
found as above for the degrees and minutes ; then take the 
number in the contiguous column headed D on the same line, 
multiply it by the number of seconds, and divide by 100 (which 
is done by cutting off the two last figures); the quotient must 
then be added to or subtraeUd from the log alre^y taken out, 
according as the same would be increased or decr0ased by an 
increase in the arc. 

Examplti, 

1. Find the log sin of 37* 47'. 

As the arc is Im than 45*, by looking along the top of the 
table for the degrees, and in the Jir$t column for the mimiteaf 
we find in the emumn having at its top the word sin the figures 
0‘7B7tl33, which is the log sin of the arc required. 

2. Find the log tan of 75* 34', 

Here, as the are is areator than 45*, looking at the bottom 


of the tables for the degrees, and in the la*t eolnmn for the 
minutes, we find in the column having tan at the bottom, 
10*589431, Uie tan of 75* 34'. 

3. Find the log sin of 31* 45' 5". 

The log tin of 31* 45' is 9*721109 

The No. in coL D it 840 X 5"-i- ICOas . 17 


The log sin of 31* 45' 5"- . . . 9 721179 

4. Find the log cos of 25* I' 47". 

The log cos of 25* 1' is . . . . . . . 9*957217 

TheKo. inooi. Dis98 X 47"-^100» - . . 47 


The log cos of 25*1' 47" 


9*957170 
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4h0 tm torrMpondkif to rnny ^wn log $in^ tOft, At. : 
TMt V* for ike given log dn, Ac,, or the next 
leee log tkereto, and on the aame line will be found the minutes, 
and at the ton or bottom of ibe pege the degrees, of the arc 
required; if the log thus found is less than the given log, 
subtract the former from the latter, add two cyphers to the 
of the remainder, and divide it by the number found in 
the conti^ous column headed D; the quotient will be the 
number <n seconds to be added to the degrees and minutea in 
tbe arc already obtained 

EwampUt. 

1. Find the arc whose log tan is 10*577537. 

Here the arc is found by inspection to bo 75” 1 V. 
d. Find the arc corresponding to the log siu 0*305dOL 
Given log = 9*395401 

Next less log » 9*305160 » log tan 14” $13' ^ 

23500 820 SB qo seconds; 

0*395401 is the log tan of 14® 28' 29". 

In the sines and tangents of arcs less than about 5”, the 
differonces between any two successive values are so great (as 
will be seen by an inspection of column D in tbe table) tl^ 
the method above given for finding tbe intermediate values for 
seconds will not be sufficiently correct ; and the same remark 
applies to the cosines and tangents of arcs greater than about 
85''. It will also be observed, Uiat in the cosines and secants 
arcs less than fi"', and in tbe sines and cosecants of arcs 
greaur than 85”, the dififerenoes are too small to enable us to 
ealeolate acourat^y the value of any arc from them. 

The first of these difficultiea may be removed by the rules 
given below for determining the values of the sines and tan- 
gents of small arcs, and the tangents of large arcs, and eon- 
versely the arcs from the sines and tan^nts. A table has 
akK> b^n given (Table IV.) of the logahtl^ic sines for eveiy 
tenth of a minute as for as a degree and a half, and of tbe 
oesittea for every tenth of a minute from 88” 29' to tbe end of 
the quadrant Tbe second difficulty, however, could only be 
got over by extending tbe tables to more deeii^ places, but 
as this would require all other quantities employed in the 
same calouli^<me to be taken to an equal number of dedmals, 
moith adiBtional treulde would be oocasioned ; and it is there- 
fote belter for determinii^ tbe value of an arc when near 99”, 
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to emjjiloj tome other fanetion than its sine, as, for instance, 
its ooeine. In order to render this clearer to those i^ho ure 
not familiar with tlie nse of logarithms, we subjoin an example 
of each a snbetitiition of the eoeine for the sine. 

For instance, let it be desired from the formula, 

: Pj, :: sin : sin I 

to determine the value of the angle 1, when as 600*1 ; 
Pjj ss 069 ; and the angle B ss 63"^ 45^ 

First by multiplying the means and extremes, and dividing 
both sides bv Pp we obtain 

(«) 

Then from Table XXL 

sin 1 szE ^ 1 -- (cos iy 

. P, sin B — 

^ ^ I ^ (cos iy ; 

squaring both sides 

( P.sin/SV t / 

transposbg, and extracting the square root 

We have, therefore, two equations, {a) and (6), from either 
of which we can obtain the value of the angle 1, by substi- 
tuting the values of the known quantities ; but in doing so 
we smdl find that the second equation will give the value of 
1 much more exactly than the first. 

Thus, substituting the known quantities in equation (a), 
we have 

669 X sin 68"* 45' ^ 

600- 1 

Whmoe loguithms. 

Log tin 63* 45' >■ 0 053781 
Log 660 ■> 3-835430 


Log 6001 
Log niE 


13-778167 
r 3-778334 

. 0-000088 


E«,88‘’80'35". 
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It) 

Proceeding in a siimlar muiner with equation (6), we have 

SB cos 1. 

Whence hy logarithms, taking the radios as unitj, for the 
reasons explained at page 16. 

Log sin 63° 45'= 1-952731 

Log 609 = 2-825426 

2-778157 

Log 600-1 = 2*776224 

T-999983 

2 

Log -99969 = 1-999866 • 

Then 1 — -99969 = -00031, the log of which = 4*491 862, 
and 4-491302 -r 2 = 2 245081 = cos ) ; 
or, restoring the radius of the tables, 

cos ^ s= 8-246681 = sin of the complement of i; 

therefore, hy the rule given below for finding a small arc from 
its sin, we have 

8-245681 

5-314425 

22 

8 560128 we B631-86 seconds * 1° 0' 8l"-86 ; 
1»88*59' 28"-14. 

whence we see that the former value of ) obtained firom equa- 
tion (a) is upwards oi three seconds too small. 

ToJM aceuraUi^ ihslog tin often arc less ikon 6°. 

Beduis the arc to aeoonds, and find the log of that nnmber 
bom Table X.* to which add 4*685575 (the log am of 1^), tnd 
suhtmet ene»thirdt^ the deeimd portkm of the leg see ^ Uie 
are taken frem Table Y. ; the remainder is the kg sin of the 
arc required. 
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13 


Emmpli* 

Find tbe log sines of LV and of 3^ 

(13' X 60) « 780" = 2-892095 
4*685575 

7-577670 

Logsecof l3' = -000003^3 =: -000001 
Log sin of 13' jBs 7*577669 

Log (63' X 60) = 3780" == 3 577492 
4*685575 

8*208007 

Log sec of V 3' = -000073 ^ 3 = -000024 
Log sin of r 8' = 8-268043 


To find accurately the log tan of an are leu than 5®. 

To the log of the nuraher of seconds in the arc odd 4*085575* 
and two-tliirds of tlje decimal portion of its log sec ; tbe sum 
is the log tan of the arc required. 

Exampiti, 

Find the log tans of 24' and 1® 15'. 

Log (24' X 60) == 1440" « 3*158363 
4*685578 

Log sec of *24' = *00001 1 x J = *000007 
Log tan of 24' » 7 *853945 

Log (75' X 60) « 4500"a: 3 053213 
4-685576 

Logsecof IM 5' = 000103 X |« *000068 
Log Un of r 15' » 8*338856 


To find actwrotdp the log tan of an arc greater than about 85^* 

Add in tbe bg of tbe nninber of seconds tbet the am is lew 
than twowids of tbe decimal portion of tbe log eoiee» 
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mtd fobtraet tbe ram from 19''8144S5 ; tbe remainder will be ' 
tbelogtu required. 

EjumpUt. 

If Find the log tan of 69° 5' 13". 

90° 0' 0" 

89 6 13 


0“ 64' 47" = 3287 aeconde. 


Conatantlog es16'31442S 

Log of 8267 = 8-616800 


Log coaec of 89° 6' 13" = 000057 x f «» -000038 

8-516838 


Log Un of 89° 6' 18" « 11-797587 

2. Find the log tan of 88* 61' 10". 

90° 0' 0" 

88 61 10 


1° S' 60" SB 4130 aeconda. 


Conatantlog s 15-814425 

Log of 4180 SB 8-61 6950 


Logcoaocof 88°61' 10"=* -000087 x |= -000058 

8-61600fr 


Log tan of 68‘ 61' 10" *= 1 1-808417 


To find aeeurattljf an arc of not mart than 6*/n>M itc log atne* 
To the giren log ein, add 5-314426, and one-third of tbe 
decimal portion of the secant of the nearest arc to that erboee 
log sin ia given, the ram, rqiecting 10 from tbe dutraeteriatie, 
vrill be the logarithm of the number of seconds in the arc. 


Emmnfi*. 

temtired the am eboee log nn ia 8-814710. 

Qivan logon m 8-314710 

Conatantlog « 6-814496 

Log see of neared arc as -000<^ 4 - 8 ■■ *000081 


Amiefttirad I* 10' 68"=> 4368">s8-«90m 
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thm fnm U$ hg 

To the giTen log tan add 5 314435, and from the anm imb* 
tract t«ro*^ird8 of the decimal portion of the log aee of the 
are whose log tan is nearest to that given, and the remainder, 
fleeting 10 from the oharaoteristie, will be the log of Uie 
nnmher of seconds in the arc. 


Example. 

Beared the are whose log tan is 8*381461. 

Given log tan » 

Constant log as 


8*381461 

5*314435 


18*545880 

liOg SCO of nearest arc » *000008 x | n *000043 


Beqaired am » 58' 84" s 8514" » 18 545844 


To find accurately an arc greater than 85 '/rom its log ian» 

Add to the given log tan two^thirds of the decimal portion 
of the log oosec of the nearest are to that whose log tan is 
given, and subtract the sum from 15*814435; the remainder 
is the log of the number of seconds that the arc is /ust than 90^ 

Example. 

Bequired the arc whose log tan is 11*605000. 


Constant log n 15*814435 

Given log tan » 1 1*695000 

Log cosec of nearest arc *000088 x 4 » *000059 

11*695050 


Required are * 9' 14" » 4154" « 8*618466 


In extmctii^ the root or raising the power of any trigono* 
metrical qnanuty by means of its logantnm, it wilt alwa^ be 
found most convenient to reduce the assumed tndius to ^ity, 
by subtracting 10 ftom the eluuactenstie of the logMithm, 
whidi will Irs^iently then become negatm; it must, however, 
be borne ta mind that the decimal part cl the logaritto is 
alwi^ poeitiwe; and therefore, if it is required to sndtiply a 
logical wkh a segMive chaiaoteristic by any nnmber (as 
m wAm of a powers first multiply the deetmsl part of ttie 
kguitfesut tm as many dedtnal fignres in fibs psodiiet 
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ittfaife were in the logarithm* then multiplj the ehaneter- 
istio, mA eubtiact from the product the number (if anj) 
nmnted off to the left in the firat i>roduct : the re^t wUi 
m the negative characteristic* and the decimals pointed off in 
the 0}«t product will be the decimal part of the required log^ 
ridim. To divide a logarithm with a negative characteristic 
by any number : if the characteristic is a multiple of that 
number, that is* if it is divieible by it without remainder, 
proceed os in ordinary division ; if, not, separate the ebatao* 
teristio from the decimal, and add to the characteristic a 
number which will make it divuihle, and prefix to the decimal 
the same number, then divide both by the given divisor, and 
the quotients will be the characteristic and decimal of the logar 
rithm required. An example of this alteration of the chai^ 
teristio is mven at page 

AUhou^ Table V. only purports to mve the sines, tangents, 
die., of angles less than, or equal to 90 , any of these functions 
of angles greater than 90'‘ may readily be obtained, since any 
function of an angle greater than 90^ is equal to the same 
function of the euppUmentoi that angle: due regard being 
had to changing the sign, if requisite, according to Table 11 L, 
which exhibits the value of each trigonometrical line at the 
commencement of each quadrant, and also the sign with whioh 
it is effected in passing through the same. Thus, the log tin 
of 141** 15' is 9'79fi521, the same as the ein of its supplement 
88^45'; the log sec o( 95® 43' is-*! TOO 1 701, or the sec of 
84® 17' with its sign changed ; the log coeec of the same is 
10*002165, or the cosec o{ 84® 17', the sign remaining the 
same; and the log tan of 173® 4' 15 — 9*084947, or the tern of 
6® 56', with its sign altered. 

TabU VL 
Meridional Parte, 

In nautical charts, drawn according to Mercatoris projeetioii 
of the sphere, the meridional lines are drawn parallel to each 
otlmr, or equidistant in eveiy iatitnde, as shown in fig. 1, m 
that the distance between any two meridians being aasui]^ 
as tnte at the equator would be too great in every other lati* 
tude; for whereas the length of a degree of latitude really 
decreases as we approach the poles, here it is represented as 
though ita length were everywhere the aame. If, thmefore, 
the pamlleli m latitude were drawn at equal distancee in 
lepresealiiig any ommtry situi^ in a hi^ latitude its form 



MATBKUATICAL TAni*K8. 


would become so much distorted from its breadth beino thus 
increased without its length, that the country would haraly be 
recognised, and very erroneous views would be occasioned of 
its form and relative extent. Thus, in the latitude of 60®. a 
degree of longitude is only half what it is at Uie equator, and 
therefore all dimensions east and west would be twice as great 
as they should be, if drawn to the Siime scale as those nortii 
and south* To correct this distortion, therefore, atid preserve 
the true form of tho countries, the distance between tlie pa- 
rallels of latitude is increased precisely in the same proportion 
as that between the meridians ; so dmt on a Mercator s cluut 
the relative magnitude of a degree of latitude and longitude 
is everywhere truly preserved ; the parallels of latitude being 
drawn more and more distant as we leave the equator, us 
shown in fig. 1. 

NoWTIt. 

ifm ISA i4n 190 ino w) an 40 $11 0 an 4o so an inn iso i4n lan un 
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Now, the numbers in the table of meridional parts are 
nothing more than the distances of the several parallels of 
latitude from the equator, as shown on a Mercators chart, 
expressod in minutes e of longitude at the equator. In using 

* U is Iwfdly awmiaiy to state Uun a laiiiate is tlis eOtli jsirt of a 
digrse, sad a ssMtid liw eOtk |tfl si a teiaais. 
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tli« taUe tlie degrees of latitade most be soag^t at the ui^ of 
tile tilde, md the mioutes in the side eolamn, the meridiofiil 
earts will then be found at their intersection ; thus the meri^ 
monal parts of 27^ 515' are 1713, and of 76® 8' are 72^2, 

The great use of this table for nautical purposes is to de» 
termine the latitude and longitude of a ship at sea, when the 
course and distance that she has run are known. Bj the 
cowns of a ship is meant the direction in which she sails, 
estimated by the angle which that direction makes with the 
meridian. When the course makes the same angle with eveiy 
meridian crossed, it is termed a rhumb, and this course is tiiat 
usually adopted by navigators, in consequence of the focilitiea 
which it adords in ascertaining the position of tbehr vessels. 

On a Mercator's chart any rhumb is obviously a straight 
Hue, because no other than a straight line would on such a 
chart cross every meridian at the same angle. Thus, if A 
and B, hgure 1, are any two places between which a vessel 
sails, then the straight line A B is the rhumb upon which the 
vessel would sail to preserve the same course or mdke the 
same angle with every meridian crossed ; A C is the difiference 
of latitude, C B the difference of longitude, and A B the 
nautical dutance run. If now we set ofiT from A towards C, 
a distance A D equal to the actual difference of latitude 
measured in degrees at the equator, and draw a line D £ 
parallel to the equator, then will the line A £, measured on 
the equator, be the true nautical distance, and, being multi- 
plied by 60 (the number of nautical miles in a degree), will 

S 've the distance run by the ship, and the line D E is termed 
e departure or distance run either to the east or west. 

By inspeoUng the diagram, we see that A £ : rad : : A D : 
cos < A, or the nautical distance is to radius as the actual 
difference of latitude is to the cosine of the course ; and also 
A B : rad :: B C ; tan < A, or the meridional difference of 
latitude is to radius as the difference of longitude is to the 
tangent of the course. 

U we put d for the nautical distance, e for the course, I tot 
the difference of the latitude, x for the meridional difference 
of latitude, and JL for the difference of longitude, we have, 
bom the above proportions, 

rad . 2 « d cos c. 

And rad . L « X tan e. 

Float which fonaulsi either two of the four ^nantities dt e, 2» 
and 1« bisiig knownt the otheis auiy be eeai^ found. 
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For exanplo, a vessel leaving latitude S5*’ 34^ k. and longi- 
tude 61^ $4^ w. ssils 543 nautical miles on a rhumb line, 
vhose coarse is n. iT 5^ £., what latitude and longitude is 
she then in ? 

Log cose (*40® 5')= 9 870504 
Log a (* 543) * 0*784800 


10*005304 

Ead . . . . *10-000000 


0-605304* log of 403 * I, 


then 403 -f- 60 * 0® 43' * the ship's difference of latitude to 
the north ; therefore, 05® 34' + 0® 43' * 30® 17' N. is the 
latitude she is now in. Again, 

Meridional parts for 80° 17'* 2048 
for 25 34 * 1688 

Meridional difference of latitude * x * 560 
Logtanc(«42°6')* 9 055707 
Log x(* 560) . * 2-748188 


Rad * 10-000000 


2*703895 « log of 505*7 » L, 


then 505*7 -f- 60 * 8° 25' 42" * the ship’s difference of 
Imigitade to the east ; therefore, 6 1° 24' — 8° 25' 42" 
n 52° 58' 28" w. is the longitude she is now in. 

EmmpU 2. — A vessel sails from latitude 41° 20' n., and 
longitude 49° 50' w., to latitude 04° 25' x., and longitude 
10° 13' 6" w., what was her course and nautical distance ? 

Meridioiial parU for 64° 25' * 5097 
„ for 41 20 *2728 

23 5 236»*x 

DiSkretm of ]at * / * 1385 


meridional 

difference 

^oftatiiode. 
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50' 0" 

10 Id 0 

39 36 54 
00 

Log L ( « 2376*9)= 3*376010 
Bad = 10*000000 

13*376010 

Log A ( = 2369) . = 3 374565 

10*00 1445= log ton 45® 5' 44"» e 


Log/( = 1385) , = 8*141450 

Bad = 10*000000 

13*141460 

Log 008 c(« 48® 6' 44")= 9*848757 

3*202693 = log of 1062 = d. 


Table VIL 

Length of a Degree of Longitude on each Parallel of Latitude* 

Thit table requires no explanation ; it exhibits the length of 
a degree of Longitude iu nautical miles (each of which equals 
6075*6 feet) at e^ ery degree of latitude from the Equator to 
the Poles. 

Tahlee VIIL and 7X 
t>ip of the Horizon, 

The latitude and longitude of a vessel is determined hj 
observations made on the heavenly bodies, which observations 
consist principally iu measuring their altitudes or the angle 
which they make «*ith the horizon. The altitudes thus taken 
beiitg compmd with eertatn altitudes given in the “ Naotioil 
Almanac.*' in the manner more fully explained iu the ** Rudi- 
ments Navigation,” enable the observer to determine both 
his latitude and longitude. It is however requisite to make 
certain eonectkms in the ofaaerved altitudea m otdar to ob- 
tain the tine altliudes. 
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If, in fig. S, 0 C D F is a 
sectiott of the airtU, and li 
the place of an oh^orver* 
then O E F is the rational 
horizon, and H C 1 the ierni- 
bU horizon. Also, if A is the 
place of a heavenly body, the 
angle A EF is its tru 0 altitude, 
A Cl its apparmt aiiitude, and 
A B D its otaerved altitude. 

If the observer had been 
on the surface of the earth as 
C, then the obeereed altitude 
would have coincided with the 
apparent altitude, but when raised above the same, as is 
always the case at sea wheii Aic observations are made from 
the vessels deck, the horizon di/M, or l>ecomes depressed, as 
shown by the line B D, and the obneroed altitude A B D be- 
comes greater than the apparent altitude A B K or A C I ^ by 
the angle K B D ; tlie magnitude of this angle ftertned the 
dip of the horizon) depends upon the height of the observei 
above the surface of the eartti ; its values for all heights be* 
tween 1 and 140 feet are given in Tunic Vi II. The angle 
found in tlie second column must be subtracted fixun the 
observed altitude to obtain the apparent altitude. 

The dip given in Table VI II. supposes that the view of the 
sea horizon is perfectly unohstriict^. Should, however, any 
ohjeet intervene, as a coast, the mai^gin of the sea where it 
meets the shore must then be taken as the horizon ; and in 
this case the angle to bo subtracted from the ohwrved altiiudo 
will be found in Table IX. under the proper height, and on a 
line with the distance of the obiect from the observer, which 
may always be judged of with suScient precision by an ex- 
perienced ere. Tims, if the vessel is about ^ miles from the 
shore and the observer is ilO feet above the surface of tho sea, 
the ai^e to be subtracted for the dip will be 6 minutes. 

TahUX. 

Eeduction of the Moone Horizontal Parallase. 

The diftamice between the apparent altitude of a heavenly 

* The ^st aass bo sf the «bwmr above Iba aartb'i eoHMa It it latoa* 
■ Htwl ia, ai eeai a a iad wftli sa, iuUmee ot the body, tbat tbMt two 
meifim at sfMl wbboat aay a pfia tit ld t eem. 



MAtUKlUriCAL 




body, or tho angle which it mokes with the unsihle horizon, 
nnd ke tru€ oltitude, or the angle which it forms with the 
rotionaf horizon, is termed its parallax. The parallax of a 
body is greatest when it is in the horizon, and it decreases as 
its altitude increases, until, when it attains the zenith, its 
parallax becomes nothing. Thus in fig. 3 the parallax at C is 
greater than that at £, and is nothing at the zenith F. 


Fig» 8 . 



The amount of the horizontal parallax depends upon the 
distance of the body A C and upon the earth s radius A D. 
The nearer the object, that is the less A C », the greater is 
the angle A C B or the parallax. The moon being mu^ nearer 
to Uie earth than any other of the heavenly bodies, its parallax 
is much greater, and as its distance from the earth varies so 
also does its pandlax ; the amonnt of its parallax Is given in 
the ** Nautical Almanac*' for eveiy day throughout the year. 
Th^ parallax there given is. however, calculatod for the eaith*a 
greatest or equatoriu radius; and since, from the proziniity of 
the moon, the decrease of the earth*8 radius in higW latitudes 
diminishes the parallax to autdt an extent as to require oorrsc- 
tkm, we have fpven in Table X. the amount to ka suhtreeted 
firom the eouatorial parallax to give the true parallax in any 
given latituae. For example, let me earth s equatorial parallax 
on any given day. as fixind in the ** NautiM AlBumac.** be 
68 minntai, what will it be fi>r the same day in' htiinde W? 
Here under fiS', end on a with M", we find 7*^8, uUeli 
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most be sabinoted from 58', giving 57' 52 "R for the moon's 
peiallax in that latitude. 

TahU XL 

Augmentation of the Mooni Semidiamettr, 

In makinff an observation, it is the position of the ceiiU$ of 
the object which is required, but as it would not be easy in 
practice to judge with sufficient precision of its position, it is 
usual to measure to the nearest edge (or limb, as it is termed) 
of the object, and to add the angular value of its semidiameter. 
In the case of the moon, its apparent semidiameter varies con- 
siderably according to its distance from the earth, and also 
from its great proximity its semidiameter is sensibly increased 
by the parallax ; for, as her altitude increases, she approaches 
nearer to the observer, and the apparent semidiameter be- 
comes greater. The value of her horizontal semidiameter for 
eveiy day is given in the ** Nautical Almanac and Table XI. 
shows the augmentation of the same occasioned by an increased 
altitude. Thus, when the moon's horizontal semidiameter is 
15' do" her apparent semidiameter, with an altitude of 51°, 
will be 15' 42". 

Tables XIL and XUL 
Longitude and Time. 

As the sun apmrently revolves round the earth once in 
eveijr twenty-four hours, with an equal rate, it arrives at each 
meridian at a different time. And it is on this principle that 
the longitude of a place is determined by the interval of time 
between the sun's passing the meridian of that place and the 
meridian of Greenwich. As the whole 300^ are equal to an 
interval of 24 hours, any lesser number of degrees are equal 
to a proportionate interval of time, and these two tables arc 
, ^r hi^itating the conversion of longitude into time, or vice 
i tend. As an example of their use, let it be required to hud 
the interval of time corresponding with a difference of longi- 
t«ddofi3° 18' 10". 


From 2nd odkuiui. Table Xll. 40° «b 

H. M. 

2 40 

a 

„ IM 



12 



H 

« HK- 


40 

„ 1st 

ft 

.. 8'« 


12 

n 

M 

« 10"« 


OdOT 


nw time it tben&n . 

2 52 
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Agiin^ if it mere required to know tbe dtfferett^ of 
tude correeponding with an interva] of 4 hours, SI minute, 
and 6 seconds ; we have 


From Ist column of Table XI If. 

4 hours 

tst 

60® 

0' 

0" 

tf 2nd y, ,, 

30 mins. 

« 

7 

30 

0 

„ 2iid ,, ,, ,, 

1 min. 

sa 

0 

15 

0 

M 2nd „ 

6 secs. 

aa 

0 

1 

30 


Which gives for the diff. of longitude 67 46 SO 


Tabu XIV. 

Parallax in altitude of the Sun and PlaneU. 

The horizontal parallax of the sun and planets depends 
upon their distance from tiie oarlh« and is given for everj daj 
iu the ** Nautical Almanac." The parallax for any altitude is, 
as already explained, less than when the object is in the 
horixon ; and Table XIV. i.s intended to give the amount of 
parallax for any apparent altitude when the amount of the 
norizontal parallax is known. In using the Table look for 
the horizontal |^>arallax at the head of the Table, and in the 
column at the head of which it stands, and on the same line 
with the apparent altitude, will be found the parallax required. 
For example, if the sun s horizontal parallax is wliat is 
her parallax with on apparent altitude of 48"" ? Here, iu the 
column having 0'^ at its head, and on the same line with 4^^ 
will be found 6'\ which is Ute sun's parallax at the time. 


xr. and xri. 

lU/ractioH of the Sun and Start. 

There is another correction rendered necessary in order le 
reduce the obterezd altitude of a heaveitly body to its apparent 
altitude ; in consequence of the optical property of tbe atmo* 
ijphere termed refraction. While the effect of the paiallax is 
to make the object appear lower tlian its true place, that of 
refraction is to make im altitude appear greater. The effect of 
reftaolton is greatest when the oiject is in the ^lixon, and H 
gitdnally dimimshes until at the zenith it becomea nothiiig ; 
1 % is not, however, always constant fbr the same iltitiide, mi 
varies with ^ temperatnre and densi^ of the aUaosphera* 
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XV. firm tliA refimctkn for evofj ten minntoe of tp* 
nuretit altitude, odoulated for a mean temjperature of 50^ 
Fahr., and a mean pressure of 29*6 ins. ; and Table XVI. 
oontaius the correction r6<tuisite to be made for aoj other 
temperature and pressure. For e.xample, what is the refrac- 
tion of any heavenly body whose observed altitude is 61*^ 20' 
when the tempemtnre is 72^ and the barometer 30*35 ? In 
this case we nrst find, from Table XV., the refraction for a 
mean atate of the atmosphere to he I' S5‘5'\ we then find, 
from Table XVI., that at the temperature of 72*^ we must 
subimst 5^', and with tlie barometer at 30*35, that we must 
add 1", after which we have V 31*5" for the required refrac- 
tion. It must he observed, that when the temperature is 
bdow the mean, the correction must be added, and wlien above, 
the mean eubtraeted ; also, when the barometer is below the 
mean the correction must be $ubtracted, but when above tim 
same it must be added. The correction fur the thermometer 
is found in the column having the temperature at its bead, 
while that for the barometer is found in that having the 
picssuretat its foot. 


TaiUXVIl 

Correction of the Moon's Altitude. 

As already explained, the effect of the refraction is to raise 
Uie object, while that of parallax is to depress it ; the parallax, 
however, being always the jmatef, the apparent altitude is 
always less timn the true Jtitude. Table XVIL contains 
the difference of the refraction and parallax for the moon, 
which is therefore the correction to be added to the apparent 
alUtu^ to obtain her (ms altitude. In using the table, the 
correction will be found in the column havinu at its head the 
moon a borixontal parallax, and opposite to ^e apparent alti- 
tude. Should these not be found exactly in tne table, we 
moat take the next less values, and to the number thus found 
we must add or subtract (as the ease may be) a proportional 
part for the requisite number of minutes or seconds wanting, 
which ore given for the altitudes in the left-hand colunm, aim 
for the piwlax in the nght-hmid column. For example, let 
the eometicHi be requ^ when the amparent altitude is 
%Wt\mi the moons borixontal patalltt it 56' 24". In 
thfi eaee the noat lest oumbera to these in the Table are 
mWmAW 



lutoisiuimL 


Under 56', mi l^mKwUe 29® SiK, we ftnd 4T' 

Add nroportiotie! parte for pamllax 20^^ 18 

*♦ »i #f »* » ® ® 

17 92-5 

Sabtraet prop, parte for dtitode 7^ 3 


Correction required 


17 19 5 


The moon's true altitude therefore equals 29® 54^ 19^^*5. 

Ew, 2. What is the moon's true altitude when its hpmunc 
altitude is 9® 53', and its horizontal parallaa is 58® 2(r r 

Under 58' and opposite 9® 50' we find . 51' 44" 
Add proportional parts for parallax 20" 20 

„ H „ for mtitode 8' 2 

Correction 62 fi 


Therefore the moon's tiwo altitude equals 10® 45' 6" 


TahU XVIIL 

Logarithm for fituiing the Horary Angle or Apparent Time, 

The use of this Table is to faeOitate the ealeulation of the 
Apparent Time at anj place, from obserrationa made oil the 
idtiuide of some known celestial body. The logimthma in 
the Table are twice the sine of half Urn am of kmgttude eor- 
responding with the number of hours and minutes at wld^ it 
ftands. The mqoiMr of performing the caleuktion by whkh 
thk logarithm is derived fmm the obserred altitude Mly 
in the Rndkaentary Woih on Navigatsoii.'' Hie 
use of the Table is aa follows :-*h«viiig obtained Uns Im* 
rithm, look in the taUe for it, or for neat less logsrsiam 
to it, mid take out the time in boon and minnlei aa found 
^ the altitude is imrnmng) at the ton mid in the Mb 
natid column (but if moreati ng) at the bolleiiit aiid in 
xightdmnd cduam. Then m^liaet the tomuMun tdten in 
m tajble btm the given logarithm, and havtii^ edded to the 
li^t the diffifemuee thue dtolned two i ^he i a , Ariio it W 
ikn imoieil nmnher in the eot rti gae o s emmaMi hauM 
pid the qootieiit will he the nomhar of eaatwda^hlMlMl 
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U^^h$hlmmAw^xl^ tlmd/oliteitted, wh«ii 
tmiU> \m mhimeki wbn imnutikf 
•iB|fa» ivliil; ii the tsma oorretpondiiig to tho logo* 

rithm 9*#499dl when tbo olUtodo was deomsing? 

GifOttlog .... 9 ' 649 S 91 

NojLt Icis log in Table 9*648913 n log of 5 h. 85 m. 


40800 3516 em 11 seconds. 

Therefore, the i^pparent time required is 5 u. 35 x. 11s. 

Em 9. Wbst is the apparent time corresponding with the 
logsrit^ 9*915630, when the dtitude was ineieasingt 

Given log ... . 9*915630 

Next less log in Table 9*914358 » 90 n. 49 x. 


197900 -1- 7114 nr 18 seconds. 


Therefore! the apparent time is 90 h. 48 m. 49 s. 


mu XIX. 

Cmimom mU Hypm^lic Logaritkm 

The dWeot of this TiMe is to' focilHate the conveiskm of 
e om men togarithins into hyperbolic, and efos eerwl. Its use 
is as firfiowi; — ^To convert eemmon logarithms into hyperbolic, 
wiite the common logarithm, as shown in the first emnnple 
hsiow; and then take frsm the aeoond column of the Table 
dm equivalent valoe of each figure in hyperbolic logaiithms, 
lakiiig care that the latter are each moved at many pfames to 
the 1 ^^ as the eorteeponding nnufoen in the coasmon Wga- 
rithaiara; the turn of m whm will be the hyperboUo 
tillmiieqnirsd. 

To eonveit hyperbehe loaaiithnis into eoatmon, proceed in 
e aisitar anttumr, wrUiag &a hyperholie logaridrai aa in the 
aiioiid SKaa^ below, mid tarag ka aqmvalent aaln# in 
emnan hpmkm from the fonrth colaaui of the Tiribte. 

Xm L Whal is the hyperboUc lofuitiutt of 81567 

By wsimaniw to TaUe h we find the neainion logtfMMB of 
MMtstdfMIY; ths»^ 

a t 
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Omb.Ii*,. 



9 - .. . 

, . as 

0 907736 

•4 .. . 

• • as 

•991084 

•0» . , 

• . sa 

•907389 

•009 . . 

• 0 n 

•090728 

•0061 . . 

• « as 

•000280 

•00003 . 

• . =a 

•000069 

•000007 . 

• . as 

•000016 


8*057061 


Em, % What it tbe oomuHm logaritbni of the number whooe 
hyperbolic logarithm u 6*160781 7 


Hyp. lag. 

as 

Com. Log. 
2*171472 

•1 . . ! . 

. ss 

•048429 

•00 . . . 

. ss 

•026057 

•0007 . . . 

. sa 

*000804 

•00008 . . 

. a 

*000018 

•000001 . . 

« as 

*000000 


2241277 


TM4 XX, 

OurtMiurt qf th4 Earth and E^racthn, 

This Table is use in Oeodesieal operstioiis. Pfaetioillr» 
a levil live ou the earth's sur&ce is a line everywhere equally 
distint from its eeuter. It is obviously, tberefiore, not a 
ilvaiglit line, hut is a poittoa of a dvole, having the same 
Mditts as the om^. nlioa a level, theodolite, or other in- 
•tmment has the sals of its teleeoofe so i^Ju^ed ae to bo 
tfuly level, the pitdongattoB oflhatextsisnotaloTel lino, bat 
k a tmml to that line, eohieiiHiw with it only at the point 
where &o instrument stands, ana being ci6osi it evemniefe 
ebe. The height of this Mm ihove iba tmo level thie, if 
there were no vefrsettoa, imdd bo equal to the vmine d an 
aie^sriioso radius emisUod Ihitof the earth, and vdiose hminth 
wsi equal to Um dimnos fkem the thaiohoiipta 

ibUnoM <w to SO mUM an pvea ki the tMond 
oolinm w the Ikhlo. The «1 mI, howerer, of the nfostiaa 
«f d* «|ii|oa|hon i* teear?* iho vioaalngrfmngthiwiA 
dMMiitMromisef Um takwofo, a, tiiatdw«fiMiHMaii 
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reill/i mmA Im whkli t «7 nettlj to a oiiolo, 

luivtiig * mdiQift aeveo tiinoo greater than that cm the emtlu 
Tim heiglita in the aeeoiid celiiiim reeuire to be redooed ^ a 
eefeolb parli and the nitmbers tbos obtained are given in the 
third ookmiL To mtemplifv its use, let ua 8up{]^ that an 
inetmmenty placed in an elevated poaidon, baa ita teleeoope 
direoCed to a obnindi tower S miles distant, and that when 
ita telescope is perfeetl? level the boriaoutal wires are found 
to out a point in one of the windows, which, on direct measure- 
ment, ia found to be 95 feet from the ground, it is required to 
ascertain the real difference of level of the two spots. Now, 
on reference to the Table, we find the correction for 5 miles 
is 5‘t4, which, being ittbtracted from 95 feet, gives 89*66 feet 
for the actual height of the instrument above the ground on 
which the tower stands. In taking a series of consecutive 
observations, as in the ordtnaiy operation of levelling bv fmek 
and /ora sights, to ascertain the relative level of two aiatant 
places, so long as no great difference in the range or length 
of the sights occurs, no correction for ourvature or refraction 
need be made, for when the sights are actually equal no error 
arises in the ultimate result 

TabUi XXL, XXIL, XXIIL, and XXIV. 

Trigonometrical Eeepremom. 

These Tables require no particular explanation. Table XXL 
contains exquivalent expressions for tm a. cot a^ tan a, cat a, 
$ce a, com a, omin a, and will be found of oonirideraUe tiso 
in reducing formula containing trigonometrical exprewions. 
Table XXiI eontaina expresiiions, the ain, cos, tan, and oot« 
of multiple aroe. TaUe^OHU. eontaina a variety of formulm 
rektiM to the trhmnometricai functions of two angles or arcs. 
And Table XXI V. oontains expreseions for the mn, ooa, tan, 
and oot in terms of the arc, ana for the aic m terma the 
aia and tan, and also expt^ona for the powers of the rin 
asdooa 

TMe XXV, 

The iormulm given in this Table are in* 
tended to enable alt the ak parti of a |dane 
nsetlluieil triangle to be determined when 
Any three of t&it paiCi pferiomdr 
biowii. When etllw a aide or ao|^e m 
imnted it fill mtly be nsesaaity to dmka 


Fig. 4, 
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A«ir # Ibd lUe or tnglo oi tbo omo m&f bo, «a4 to kiioit 
hf tbo lomiila tho proper voliteo of tbooo letieit orhidi ore 
koowfty nAMk oral then eawreoo the tideo omtod. Vm ««•* 
oa^le, in o trion^e, two of whoeo oideo ore Ui and 8d feel hi 
loiiypb, and the ongle included between is 5P, whot k the 
kom of the thira aide? In ihia ease we hofe giten B, C 
oad o,mfid want to find A, we iniist, tbeiefoie, aeloot o forniate 
ooMahiiogoiilj tboee letten; we find, aooonUngljr, No. 7 gifoa. 

A «B v^(8« + B . € . ooa n.) 

WebateBaKf^,CsB85, 006 ^StOSd^inaertmgtbaae 
eahiee, we bave 

A Wi ^/(«8• + 35* - a X JJS X 85 X *63983) « 37*917, 
wbkb is the length of the aide required. 


TM$ XXVI 

The formula given in this Table are to facilitate the adn- 
tion of quadratic and oibic equations, in order to which it is 
tmlj neoeaeary to aubstitnte for p and a their known values hi 
fbrmulo when the value of x will be determined. Bj 
waj of example, let it be required to find the value of c in the 
cable eqoation jr^-f 8a— fisfinsO. We see hj reference to 
thx Tam that this oorresponda with eq^on f6) in the 
Tdde, p beiag equal to 8, a^ f to 586. Then, ii we wlb^ 
lute thm values in the second expression, it becomes — 

T« — 

»x68e M« 

DMMfon. 0” W M". and V 18^; 

Urn. 

Tan »wmV Um (8' 18"): 

Hmttlm, $mri'i",aad»0m U” it' 10", 

nil. 

nkMi lHhOtOm af 
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TMe2a:ni 

Tyi eontiisis tbe differenUkl eoefBoieiits of somo of 
tho no|tt,fioottMitljr<oooorrit^ fuoctioQft of And will be found 
to iadndo til the lulae for tim^e dilferenti&tion. 

Tabu XXrill 

This Table contams a varietjr of eonstant numbers of 
frequent use in general calculations ; it also contains their 
logarithms to seven places of decimals, and the arithmetical 
complements of the same. The latter will be found of use in 
easee where it is required to divide bj the numbers in the 
Table. 

TabU XXIX. 

To reduce tke 8un*i DecHmtion to any gken Meridian^ and to 
any time under that Meridian. 

In the ** Nautical Almanac'* the sun'a declination is given 
for each day at noon at Greenwich ; it is, however, necessary 
for the purposes of navigation to ascertain its declination at 
any other meridian, either at noon or at anjr other time of 
the day. In either of these caHes.i)aving ohtaatted the declina* 
tion from page 11. of ^ month, in the Nautical Almanac," 
the correction to be either added or subtracted therefrom, 
according to the directions given below, may be found in tlie 
following manner. 

I, 1/ the ttm's declination i$ required /or some other meridim 
at noon, reckon the difference of langitude between that me- 
ridian and Greenwich, tlieu look for Uiis difference in the 
first lefbhand column of the table, and on the line on which tbo 
same is found, and in the vettical column having at its head 
the nearest number to the declination already taken from the 

Nautical Almanao," will be found the correction required. 
It will be seen in tho ** Nautical Almanac," whether tlte sun's 
dedifiadon is mcreastng or decreasing ; when decreasing, add 
the eorrecdon in east longitude, and subtract it in west longi- 
tude; but when the declination is increasing, subtract the 
oonekkm ia east lon|ptude, and add it in west longitude. 

Ewampie. 

What waa the sun'i declination at noon, on the 19th of' 
NwjMmr* 1890, in loi^Utde 175** w.f 

Hate we And, Irom the ** Kauitcal Almanac^’* that the snn'i 
dedtoation i^nooni^ Greenwich waa 17*^ souths and 
thti H ^ m iameadng. We neat look in the flri^ eelunm 
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of ili0 tiMe for tiie giveo difSmnee id longitude, viz., I75*» 
fe# vmamt iroiiilier Hhai we find i$ 170% wbiob is 5** too 
snasU, ftod we anist tbersfoiw add together the oorreodons 
found in the {>roper Tortkal odamn on both the Hoes having 
b'^and no® in the first eolamn. Thus, in the present in- 
stance, in the colamn having at its b^ 18® (the nearest to 
17® b8' 1'^) and cm the same line with 6® we find 13", and 
on the same line with 170® we find V these being added 
tog^her give 7' 85" for the required correction, which, as the 
8un a decUnaiion is inereamag and the difierence of longitude 
is westerljf, has to be addsd to 17® 58' 1", making 18® 5' 86' 
for the antics declination at noon in longitude 17^ west 
II. 1/ die Muni declination is required for Greenwich at any 
other hour than noon, reckon the interval between that time 
and noon ; then look for this interval in the last right-hand 
column of the table, and on the same line in which it is found, 
and in the vertical column having at its head the nearest num* 
her to the 8un*s declination (from the ** Nautical Almanac**), 
will be found the required correction, which, when the sun's 
declination is increasing, is to be added, if the time is after 
noon, and subtracted if before noon ; but when the declination 
is decreasing must be subtracted if the time is after noon, and 
added if bemre noon. 


Emmpks, 

What was the sun's declination at Greenwich on the dth 
of July, 1850, at 7h. S8ra.? 

From the ** Nautical Almanac" we find the sun's dediiia- 
lion at noon to have been 64' 58" north, and to have 
been decreasing. Then looking in the last column of the 
table for the neu^st number to 7 h. $28 m., we find 7 h. $20 m„ 
and on the same line in the column lieaded with $23® (the 
nearest number to fi$2® 54' 58") we find 30", and in the 
same vertical column on the same line witli 8 m. we find fi", 
therefore the correcthm is 1' 8$2", which, at the sun's dedka* 
lion was decreasing, and the time alter noon, has to bo mh* 
tractsd from $2$2® 64' 68% leaving $2$2® 63' $20" north for file 
tun's declination at the hour required. 

What was the sun's declination at Greenwich on the $Utli 
of Augu^ 1850f at $20 h. 1*J m. ? 

In this instance the tune given, via., $20 b. Ifi m. on tlie 
$24th IS equMent to 8 h. 48 m* before noon on the fi6di, for 
wl^ day the sun'a dedinalksi is found in the **lfaiifiiBifi 
Almanae^ le lisfft been 10® dS' 56" north, and to have been 



th«n ill I)m oolom of tii« tftM# liif^ 
ot it» ImmmI IV (liho naaxoit to 10^ id' 66">iaid on tbi mm 
Mno Mm, we find V tod on the mme line 

with 2dm» we find 95'"; widma these two together, weobliiiB 
8' SI" for the eorreciion, wht^, is the soirs deeltnttion Is 
decreasing, and the time before noon, most be add$d to 
48' 86", making 10° dS' 17" north for the sun's do* 
dinatioa at the time reqairedi 

111. ^ the $mi dec/in 0 thm ii nquini fw mms otfisf 
meridutn thmn (}r 0 Mwich, at any olh$r hour than noon, we 
must fiiet make tbe necessarj correction fi>r the difierenoe df 
longitude in the manner alreadj explained, and then the 
correction for time according to rule U. 


Eaampisi, 

What was the sun's declination on the 17th of May, 1860, 
at 5 h. 40 m., in longitude 128"^ a.? 

Sun's declination (inoreasing) at Greenwich,! ^qo 
at noon a***********^ 

Suhtnct correction for I . . . 4' 46") a a a 
Subtract correction for 8° ... 0 10 J 




10 18 

83 

Add correction for 6 h. SO m. 

. . S'll'M 

0 8 

SB 

Add correction for 0 L SO m« . 

. . 0 IS J 

Sun's declination at the time and place required 

10 16 

56 k. 


Wbat wss the sun's declination on the Srd of June, 1850, 
at 17 h. SO m., in longitude 70° w, ? 

17 h. SO m. on the 3rd, is equivalent to 6b. 40 hl on the 4th. 

Sun's dedinaiion (increasing) at Greenwich, 1 ak/ iv/Zii 
at noon . j 4» 40 ai a. 

fidil correction for 70°. . . * . Tdl"! ^ i 

Addcorrectitfbibr 9°. . . . . 0 IS ( ^ 


SS S7 40 

SoUractcmeetmibr 6h.40im .... 0 S S4 


Sim^dedbiatiowattlM time and pbrnetequ^ SS S5 10 k 



^ JItailte Mka it rmr ddiM* ilia efdnoM t<t 
lltiimgf ba !§•• dM the conraetkm* in Wyeh etsa* trim tba 
Mt»Gli«i k sobftnMlite. tha dtdumikm nmal be mbtneted 
Ibm iti tmi fba mMhider mill be the toiili debliiuition of a 
mmkwff nam to that ahioh it nas hehre. 

EMmpU. 

What mu the etm'e declination at noon on the SSrd of 
&9flmA€tf ISbO, ia longitude IM* x. ? 

ICha 8tin% dedinaUon (increasing) at noon,) ^ 

at Greenwich. . . * J ^ J a. 

Subtract eorreetkm for 160'' at noon 

Subtract correction for 4^ .... 0 1C J ^ 


Sua*i declination at the plaoe required . . 0 8 44 x. 
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pa. ipU 17^] Ijckuicthhs of Kinopa. 169 U ip 



»«’5 57*0 85-5 
«S’4 56*8 85*3 
»8-3 56 6 84*9 
18*4 56*4 84*6 
»8 i 56 4 84*3 
48*0 56*0 84*0 
*79 558 837 
47*8 55*6 83*4 
»77 55*4 83** 
17*0 55*4 82*8 

47*5 55*0 8**5 

*7*4 H*8 •»*» 
*7*3 54*6 81-9 
47*4 54*4 8r6 
471 54*4 81*3 
47*0 54*0 81*0 
44*9 53*8 807 
44'8 53*4 80*4 

*<•7 sr4 *0 • 

*6 6 531 79'* 

•frj ss* rrs 

*?♦ *•’! 

S*'6 1*9 

9/6r% 52-4 784 

52‘2 78*3 
a 4 ^ 52*0 

*n 5 >'* 777 
»yl SI* tta 
HI 5»'4 7 r« 
»$■§■ 'sr» Tw* 
»J'JIS*'»l7frS 


418*0 456*1 
247*4 455*6 
226*4 254*7 
225*6 253*8 
234*8 252*9 
214*0 252*0 
223*2 251*1 


2I7*6 244*8 
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670246 

0339 

j043* 

C524 

0617 

0710 i 0802 

<-*95 

0988 

ic8o 

8 

9 

1173 

1265 

■35* 

1451 

*H3 

163^) j 1728 

i8zi 

1913 

2C05 

9 

ro 

2098 

2190 

2283 

1375 

2467 

2560 : 2652 

^744 

IS36 

2919 

470 

1 

3021 

3‘*3 

3^05 

3^97 

3390 

3-t*^ : 3574 

3666 

375* 

3*50 

t 

2 

394» 

4^34 

4126 

,4118 

431c 

.4401 4494 

45*6 

4677 

4-69 

2 

3 

4861 

4953 

5045 

5‘57 

5228 

5310 j 

55c 3 

5':‘;5 

5687 

3 

4 

577* 

5*70 

5962 

6053 

6145 

6236 ) 6328 

6419 

651 1 

66c2 

4 

5 

6694 

{6785 

6876 

6968 

7059 

71J1 1-141 

7333 

7-'f24 

75'6 

5 

6 

7607 

7698 

7789 

^7881 

7972 

8063 81^4 

*i45 

8336 

*427 

6 

7 

8$t8 

8609 

8700 

*79« 

8882 

*973 

9' 5^ 

9246 

93 37 

7 

8 

9428 

95>9 

9610 

97C0 

9‘'9‘ 

9882 ' 99-3 

cc (> 1 

oi <i4 

0245 

8 

9 

680336 

0426 

0517 

0607 

CO9X 

C. 7K9 t.879 

j 

< 970 

1 c (>o 

1151 

9 

k 

1241 

1332 

1422 

‘5‘1 

1603 

1693 j 1784 

>*74 

1 964 

*055 

480 

1 

1 

2145 

2235 

2326 

2416 

2506 

2596 ; 2O86 

*77*^ 

2S67 

2957 

2 

3047 

3*37 

3227 

33»7 

3407 

3497 1 35*7 

3677 

3767 

3*57 

2 

3 

3947 

4037 

4127 

4217 

4307 

4396 J 4486 

4576 

4666 

4756 

3 

4 

4*45 

4935 

5025 

5114 

I 5104 

5194 53*3 

5471 

' 5563 1 

5652 

4 

5 

574» 

5*3> 

5921 

6010 

! 6100 

6189 ; 6279 

636K 

I645*: 

6547 

5 

6 

6636 

6726 

681 5 

6«704 

6994 1 7083 1 7172 

7261 

'735 ' 

7440 

6 

7 

75»9 

7618 

7707 

1 7796 

7886 

7975 i 8064 

*‘53 

1 

8331 

7 

8 

8420 

8509 

*59* 

* 8687 

8776 

8865 8953 

' 9041 

: 9»3' 1 

9220 

8 

9 

9309 

939* ! 94*6 

9575 ' 

9664 

9753 i 9*4« 

! 9930 

CO I 9 

0107 

9 


690196 

0285 

C373 

0461 ' 

0550 

C639 1 C.718 

1 c8i6 

® 0905 ! 

0993 

490 

i 

I 

icXi 

1 170 

ii5(i 

*347: 

>435 

1524 1612 

1700 

' 1789 

1877 

2 

1965 

io53 

2141 

2230 

2318 

2406 2494 

2583 

1 2671 1 

2759 

2 

3 

2847 

»935 

3023 

3'** 

3‘99 

32*7 3375 

3463 

; 355 » 

3639 

3 

4 

3717 

3815 

3903 

399« j 

4078 

4166 4254 

j‘t34» 

: 4430 

45‘7 

4 

i ' 

4605 

4693 

4781 

4868 ; 

4956 

5«^44 5»3» 

, 53*9 

! 5307 

5394 

5 

1 

5482 

5569 

5657 

5744 

5832 

5919 6007 

1 6094 

1 6182 

62f)9 

6 

7i 

6356 

6444 

6531 

6618 

6706 

6793 688a 

1 6963 i 

i 7055 

-4- 

7 

* 

7229 

73*7 

7404 

749* 

757* 

7665 7752 

! 7*37 

; 7926 

8c 1 4 

8 

9 

81C0 

8188 

8175 

I *362 

*449 

8535 *632 

8709 : 

8796 

8883 

9 


47+6 9'I 

479* 9*0 

4*5» *‘9 

4907 i t I 


1 I 4 
»9 4 ! 39' 

X9 I 3«' 

a8*8 38* 

28 5 38'> 

282 37- 

279 37' 

276 36 

*73 36 - 

270 

267 35'( 

*6*4 35*; 


39'2 49 o j 

3*'* 4**5 I 

3*'4 4* 0 ! 

3«'o 47- 5 ! 

37-6 47*0 

37'2 46 s 

368 46'c 

36-4 45-5 

360 450 

35*6 44 5 

35“2 44*0 


168-6 784)88-2 
i 67-9 77 6)87-3 

67 2 76-8 I 86-4 

66'^ 76 0 j 85-'^ 

65-8 ! 7<;'2 84*6 
65-1 74-4! 83 7 

64 4 73*6; 82.81 
637 728181*9! 

63-0 72 0 j 81 'O I 
62*3 71-2 lo*i 
6 r 6 70 * 4179 ** 




XO. 500 h - 69I.] 

LooARmns or KuiiBias. 


INo. 544 U r3& 

N. 

0 

« 1 

* 1 

3 ! 

4 

5 1 

6 

7 

8 

9 

N, 

500 

69K970 

9057 

9*44 i 

9231 

93171 

9404 

9491 

957 * 

9664 

975 * 

500 

I 

9 « 3 * 

9924 

001 i { 

C098 

0184 

0271 

ojs* 

0444 

0531 

C617 

1 

a 

700704 

0790 

0877 

0963 

1050 

1136 

1222 

1309 

>395 

1482 

2 

3 

1568 

1654 

1741 

1827 

* 9*3 

*999 

2086 

217a 

2258 

*344 

3 

4 

i 43 * 

aSiT* 

2603 

2689 

*775 

2861 

*947 

3033 

3**9 

3*05 

4 

5 

3 » 9 * 

3377 

3463 

3549 

3<>35 

37 * > 

3807 

3*93 

3979 

4065 

5 

6 

4151 

4236 

4322 

4408 

4494 
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, 8c 80 

8144 

82C.9 . 

8 * 73 ; 

8338- 

8402 . 

8467 1 

* 53 * i 

8595 

3 

4 i 

1 8660 

8714 

S789 

8853 

8918 

8982 

9046 

9111 } 

9*75 ! 

9239 

4 


I 6-7 

6530 6-6 


2C-4 

17' 2 : 

340 

4c8 

47 6 

54'4 

61*2 

1 2C*I 

26 8 1 

33 5 

402 

469 

536 

6o'3 

1 » 9'8 

26'4 

330 

396 

46 2 

52 » 

594 

» 9'5 

i x6'0 

3^-5 1 

! 39'<2 

1 45’5 


5*5 

19-2 

I is-‘ 1 

3 » 0 i 

1 18-4 

> 44'8 

1 4i'»l 

i 57*4 























No. 765 L. 883.] 

W. I o I 1 I 


765 883661 3718 ^ 

6 4229 4285 ^ 

7 4795 4 ^ 5 » ^ 

8 5361 5418 < 

9 5926 5983 ( 

770 6491 6547 ( 

1 7054 7111 ; 

2 76 j 7 7674 ; 

3 8179 8136 j] 

4 874* 8797 } 1 

5 

6 9862 99 1 8 « 

7 89042? 0477 I < 

8 0980 1035 j I 

9 MU *591 ;■ 

780 2095 1150^2 


Looarithxs or Nuubsba. 

~n I 4 I 5 I 6 ! 


S 3832 3888 3945j4cc2 

4199 4455 45 *^ 14569 
>9 4965 5022 5078 5*35 

4 551 * 5587 5644 1 5700 

^9 6096 61 52 6209 6265 


[No. 809 L. 908. 


4059 |4ii5 
4625 4681 
5192 5248 


9 IN. 


4*71 1765 
4739 6 
5305 7 


... , ... 5757 5813 5870 8 

6096 61 52 6109 6265 6321 6378 6434 9 

6660 6716 6773 6829 6885 6942 6998 770 

7223 7280 7336:7392(7449 75^5 7561 1 

7786 I 7842 7898 j 7955 I 801 1 8067 8123 2 

834818404 84601831618573 8629 8685 3 

8909 1 8965 ! 9021 j 9077 j 9134 9190 9146 4 

9470 ! 9526 j 9582 I 9638 1 9694 } 9750 i 9806 5 

C030 i 0086 I C141 ' 0197 I 0253 j I ^365 6 


6660 6716 I 6773 j 6829 I 
7223 7280 7336 : 7392 ( 
7786 7842 7*98 I 7955 
8348 8404 i 8460 1 8316 1 
8909 1 8963 ! 9021 j 9077 1 
9470 ! 9326 I 9582 I 9638 1 


•o 2093 2130,: 

1 2651 2707 j : 

2 3207 3262 I 1 

3 3762 3817 1 ' 

4 43*6 437 * 

5 4870 49 ^ 5 !^ 

6 54 a 3 5478 !' 

7 j 3973 6030 : < 

Kj 6326 6581 ( 

9 ! 7C'77|7>3a-: 


,058910645 070010756 

1147 i 1203 1259 ! *3*4 

j 1705 ; 1760 1816 j 187a 

1226212317 2373:1419 

; 2818 ! 2873 2929 I 2985 
I 3373 1 3419 3484 3540 
3928 13984 403914094 

I 4.^82 ; 4338 4393 I 4648 
5^36 5 ^ 9 * 5 I 46 ! 51 c>i 

I 5588 15644 5699:5754 

i 6140 : 6193 ; 62 31 6306 

6692 6'*47 ; 6802 1 6857 

: 7141 719 " . 7351 ; 74^7 


’ 79 <^j 

7627 1 

76s’ 2 ' 

7"37 

7791 ' 

"84- , 

, 1 

7902 f 

7957 * 

* 1 

8176 

S23, 

SiH6 

>^3 4 * , 

8396 

*45 « ' 

856 : 

2* 

*715 i 

87X0 

S835 

SX90 

8944 

*999 1 

9^54 

3 ! 

9 U 3 : 

931* 

95^3 

9 i 37 

949 * 

V 547 

96 cj 2 ! 

4 ! 

9 * 1 * ' 

0875 

99 U' 

99^5 

00 39 ] 

0094 ' 

0149 1 

5 

900307 

0422 

0^-6 

0^31 

0586 j 

0640 : 

0695 

6; 

*^ 9‘3 i 

096S 

U 22 i 

Iv.--* 

1131' 

1 1S6 ; 

1 240 , 

! 

1458 

I I 5«3 

15^*'*' 

1622 

16-6 1 

1731 ; 

1785 1 

x' 

2003 : 

: 20^7 

2112 

2166 

2221 

22“ 5 j 

* 3*9 ! 

9 

1547 

2601 

, 265 ,; 

;a",o: 

: 1764 i 

,**»*' 

1 j 

*873 : 

1 

800 

3090 

3 * 4 ^ 

! 3 * 99 ; 

1 3*531 

I 33^7 ■' 

3361 

3416 i 

1 

3633 

3687 

\ 

1 

3*49 

39 ^ 

3958 1 

2 

4*74 

4 i »9 

4283 : 

; 4337 ! 

439 * i 

■4445 : 

4499! 

3 

4714 

477 '^ 

4824 j 

4*78 

493 * , 

4986 

5®40 ! 

4 

5156] 

53*0 

5364 

> 54*8 

547 * 

55x6 

55«o ! 

5 

5796 1 

5 « 5<3 

59^4 ' 

’ 595 S 

6012 

: 6c66 

6119! 

6^ 

6335 ! 

6189 

6445 i 

1 6497 i 

1 6551 

1 6604 

6658 ! 

7 

6874; 

6927 

1 698 1 1 

1 7035 j 

1 7089 ' 

7*43 

7*96 1 

8 

7411 j 

7465 

75 * 9 ! 

'7573 1 

1 7626 

-680 1 

7734 

9 

7949 ! 

8002 


j 8109 1 8163 

i 8217 j 

8270 j 


0811 0868109x4 7 

1370 1426 1481 8 

1928 1983 2039 9 

2484 2540 2595 780 
3040 3096 3151 1 

3595 365* 3706 2 

4150 4205 4261 3 

4704 4759 4814 4 

5157 53 «i 5367 5 

5809 5864 5920 6 

16361 6416 6471 7{ 

16912 6967 7022 8; 

7462 7517 7571 9: 

*8012 8067 8122 '790 
8561 8615 8670 1 

9109 9164 9218 3 

( 9656 I 971 1 9766 3 

; C 2 C 3 I 0258 0312 4 

0749 0804 (0859 5 

I *195 I *349 I *404 6 i 

I 1840 1894 1948 7 

I 23S4 1 2438 j 2492 8! 

I 2927 j 2981 j 3036 9 

I 34-^0! 35 Hi 357 * 800 
I 40 1 2 I 4066 (4120 1 

! 4353 1 4607 j 4661 a 
( 5094 j 5148 1 5aoa 3 

! 5634 ! 5688 I 574 a 4 

' 6173 ; 6227 ! 6281 5 

I 67 1 2 I 6766 , 68ao J 6 
I -250 I 7304 735*1 7 

-787 ; 7841 7895 j 8 

i* 3 H * 37 * * 43*1 9 







No. Sio U 908.] 

Logaiuthms or NmoKiw. 


[No. 8 

54 

931 

N.'i 

0 1 I 

2 ! 3 ! 4 1 5 ! 6 

7 

$ 

9 

N-: 

810. 

908485 , S539 

8592 t 8646 j 8699 i 8753 1 ^*‘‘^7 

! 8800 

« 9'4 

8907 

j8ia 

I ^ 

9021 ! 90 74 

9128 9181 ! 9233 ; 9289 ; 9342 

9396 

9449 

! 95*^3 

1 

1' 

9556 9 <K 9 

9663 9-’|6 9770 ; 9823 98-7 

9030 

69 84 

— 

CC37 

2 

3 

9ict 91 ; c »44 

0197.C231 03:4 . ^338 1 C4M 

C464 

' c5 18 

loS 7 t 

3 

4 - 

C614 0678 

C731 ; 0784 ' 0838 ' 0891 C944 

C998 

: »t 3 i 

J 1 tC4 

4 

5 ; 

1158 1211 

1264 1317 , 1371 > >424 ■ >477 

133c 

; > S *4 

'637 

5 

6! 

1690 , 1743 

1797 1830 1903 i 1956 ; 2CC9 

2063 

2116 

2169 

6 

7; 

2222 , 227<; 

2528 2381 ; 2433 ! 1 234* 

7594 

264*^ 

> 27CO 

7 

8; 

2733 

2^59 1 29 ‘3 2966 1 3 C ‘9 ' 3072 

3 'A 5 

3178 

323' 

8 

9 , 

3337 

3390 j 3443 : 3496 1 3549 j 3^02 

3655 

370S 

3761 

9 

81c: 

3S14 3^'^: 

3920 i 3973 ' 4026 ; 4079 1 41 32 

4'»4 

4237 

4190 

820 

1 

4 343 , 439 ^’ 

4449 ' 43c 2; 4555! 4608 I46OU 

47»3 

4766 

* 4 *J 9 

1 

1 

4872 4925 

4977 5 ' 3 ^^ : 5 ‘ 3 <^> 5‘^9 

5241 

?»94 

5347 

2 

3 

54 co| 5433 

3303 3nS8 ' 3611 1 5664 ! 37*6 

3769 

3822 

5*75 

3 

4 

3927 ' 39 ii<- 

61,33 6c 83 : 61 38 j 6191 j 6243 

6296 

6349 

6401 

4 

5 

6434 i 63 c^ 

6339 65 12 ; 6664 i 6717 1 6770 

6822 

68-3 

6^17 

5 

<>1 

61)80 i 7033 

7C83 7138 ' 7190 i 7^43 1 7295 

754 « 

7400 

7453 

6 


7306 733 Ji 

7611 7663 7716 i 7768 1 7820 

7*73 

79-5 

797 * 

7 

8' 

8030 1 808 3 

8133 8t88 K240 1 8293 1 8343 

*397 

8430 

83C2 

8 

9 i 

853318607 

8659 8712 8764 : 8816 1 8869 

8921 

*973 

9C16 

9 

8301 

9078 9130 

9 « 83 i 9235 9287:934019392 

9444 

9496 

9549 

S)o 

1 1 

9601 ' 9633 

97c6 9738 98 ic) 1 9862 j 9914 

9967 

0019 

0071 

1 

1 

920123 : 0176 

0228 oiKo . 0332 1 c 384 1 0436 

; < 4*9 

0341 

<^593 

2 

3, 

0643 0697 

C749 ,^^<^>,08331 0906 1 0938 

1 1010 

j 1062 

1 i 14 

3 

4I 

n 66 ! J 2 1 8 

1170 ! I 322 i 1 374 [ 1426 j 1478 

1 ‘530 

i isSz 

1634 

4 

5 : 

1686 ’ 1738 

1 790 i 1 842 ; 1 K94 ! 1946 1 1998 

2050 1 

2102 

2«54 

5 

6| 

2206 2258 

1310 ’ 236a 1 1414 2466 12318 

' A370 

2622 

2674 

6 


* 72 '; ' 3777 

2829 ' 28M1 1 2933 j 1983 i 3C3~ 

: 3089 j 

3 '40 

3'92 

7 


3144 ; 3296 

; 3199 3451 j 15^3 ( 3555 

! ! 

! 3638 

i 3710 ; 

8 

9 ^ 

3762 ' 3814 

386513917 3969 4011 4072 

4124 

1 4»76 

1 4228 

9 

840: 

4279 i 433 « 

43^3 : 4434 4486 . 4338 4389 

4641 

4S3 

|4744 

840 

1 

4796 ! 4848 

4899 *4951 , 5003 ' 5034 51061 

! 5»57 

5209 

1 5 »*' j 

I 

1 

53 « 2 | 53 ^> 4 ' 

54«5 5467 1 5570 

; 5673 

57^5 

577 * 

1 

3! 

5828 3«79 

593 ' , 59*1 ! 6034! 6085 6137 

6188 

6239 

6291 j 

1 

4! 

6342 6394 

6445 6497 ; 6548 1 66co 6651 

6702 i 

6754 

6805 

i 4 

5 ' 

6857 6908 

6959 , 701 1 1 7062 j 7114 7165 

7216: 

7168 

73 ' 9 i 

5 

6| 

7370 7422 : 

7473 7514 17576 17627 7678; 

7730 

7781 

7 « 3 i 

6 

7 * 

7883 1 7935 

7986 I 8037 1 8088 ' 8140 8191 I 

8242 < 

8293 

*345 

7 

8 ! 

8396 8447 

8498 8549 1 8601 j 8652 8703 j 

* 754 ' 

8805 

**57 

8 

9; 

8908 j 89 59 ; 

9010 I 9061 1 91 12 ! 9163 9215! 

9266 j 

93‘7 

9368 

9 

*$o| 

9419 19470 

9321 ' 9371 ! 96»3 U 674 ! 97»5 1 

9776 

9827 i 

9*79 

850 

1 

9930 ! 998 1 

0031 0083 1 Of 34 , 0185 1 0236 j 

0287 ; 

0338 f 

0389 

f 

% 

J 

930440 0491 ; 

«> 54 * f C' 59 =' 1 ^>643 j 0694 1 0745 1 

0796 j 

0847 ; 

0898 

1 

3 

0949 : 1000 j 

1051 i 1102 ! f 133 ; 1203 i 1254 j 

nos 

Ml* 

1407 

3 

4I 

1458 f 1509 1 

1 560 j f6io ! t66i ^ 17121 1763 j 18141 

1864 1 

>9*5 

4 

«' 1 

, • • 

i A ! 3 i 4 { 5 ^ 

6 1 

BH 

mi 


jrii 7 I SI , io'6 ! 15*9 zrz i z 6 $ j 31 It ‘ 37 i j4Z4j477 

I171 { 5'Z fO'4 I 15 6 I %o i 1 a6 o I ^rz j ^6 4 j 41*6 1 46'! 

J4ja ? 51 jo'i , 153 j *0*4 i iS'S i j 357 
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>i 999; 

3 9 ^ 7 * 

4 C946 

5 *4** 

4 189s 

7 * 3 ^ 

8 1843 

9 33*6 
»c 37M 

1 4160 

2 473 * 

3 5202 

4 567* 

5 6141 

6 64ii 
y 7080 

8 7548 

f 8016 

JO 8483 

1 8950 

2 94*6 

3 988* 

4 970347 

5 0811 

6 1276 

7 *740 

8 2203 

9 z 664 

40 3*»5 

I 3590 

* 405* 

3 45 *» 

4 497 » 


0041 0090 
0318 0566 
0994 1Q41 
1469 1516 
*943 '990 
24*7 2464 
2890 1937 
3363 3410 
3835 3882 
4307 4354 
4778 4825 
5249 5J96 
57*9 5766! 
6189 6136 
6658 6705 
7*17 7*73 
7595 7642 
806s 8109 

8530 8576 
I996 9043 

9463 9509 

99>8 9975 

0393 0440 
0858 0904 
1321 1369 
1786 1831 
2149 2x95 
2712 2758 

3174 3**0 

3636 3882 
4079 4143 

455 * 4*04 

5OII 5084 


0138 0185 
0613 0661 
1089 1136 
1563 1611 
2038 2085 
»5‘* »559 

2985 1032 

3457 3504 
3919 3977 
4401 4448 
4872 4919 
5343 5390 
5813 586o< 
6283 8319 I 

6752 6799! 

72x0 7267 
76I8 7735 
8156 8203^ 

8623 8670 : 
9090 9136' 
9602 
002 1 oc68 . 

04*6 0533! 

0951 0997 
1415 1461 

1879 *925 

134a 2388 j 
2804 2851 ! 

3*64 3313! 
37** 3774 
4>*» 4*35 
14*50 4*»6 
5«'o S'5*! 


0233 0281 j 
0709 0756 j 
1184 1231 1 
1658 1706 , 
2132 2180, 
2606 2653 
3079 3126 ; 

3552 3599 : 

4024 4071 j 
4495 4542 
4966 5013 I 
5437 5484^ 
5907 5954 , 
;6376 6423 
16845 6892 , 
73*4 736* 

J 7782 7829 , 
^ 8249 8296 I 
: 8716 1763 
9183 ^229 
9649 9695 
. 01 14 1 0161 
0579 0626 1 
1044 1090 
*508 1554 ! 
1971 2018 
;*434 *4*1 
,**97 *943 

'3359 3405 1 

I 3(10 33641 
|4»li 4317! 

. 474 * 47 ** ' 

! 5 * 0 * 5 * 4 * 


037b 0413 I 

0851 0K99 3 

1326 1374 4 

1801 1848 5 

217^ 2321 6 

2748 1795 7 

3211 3268 8 

3693 374 * 9 

4165 4212 920 
4637 4684 I 

5 'o 8 5*55 2 

5578 5625 3 

6048 6095 4 

6517 6564 J 
6986 7033 0 

7454 7501 7 

7922 7969 8 

8389 8436 9 

8856 8903 930 
9323 9369 I 

uh 9835 2 

C154 03C0 3 

0719 0765 4 

1183 1229 5 

1647 1693 6 

2110 2157 7 

1573 2619 8 

3035 30I2 9 

3497 3543 94 ® 
3959 4005 I 
4420 4466 2 

4880 4926 J 

5340 5386 4 










TABLE II. — Logarithms of Numdkrs from i to ico. 


1 1 o-oocxxK) l|ai I 
aj 0*301030 ' 22 j 
3! 0*477121 ! 23 ■ 
4 1 0*^2060 i 24 j 
Sj 0*6989701 25 
6 0*778151 |;26> 
7j 0*845098 ;’27 I 
81 0*903090 ! 28 ; 

9 o*954H3 I i9j 

10 I'OOOOOO t 30 ' 

Hi 1-041393 1*31 1 
12 1079181 |j3i 
>3! *-»‘3943i!33j 
14' 1146128 ’34 i 
15: 1*176091 |i35| 

16 1*204120 j;36 I 

17 1*230449 37 ) 
i8i 1-255273 |i38i 

19: 1*278754 i’39; 

20, 1*301030 ii40i 


Log. { N. Log. p. I 

•322219 I 41 1*612784 I 61 j 

•342423; 42 1*623249; 62 

‘361728 43 1*633468 I 63 1 

‘380211 j 44 1*643453! 64 I 
•397940 1 45 *-6532‘3i^5j 
*414973 ; 46 1*662758 ; 66 ' 
*431364; 47 1*672098' 67 

‘447158 48 1*681241 i 68 ; 

•4623981 49 1*690196 69 

•477121 j 50 I 1*698970 70 

•491362 ! 51 1*707570 71 j 

•505150 1 51 1*716001 71 

•518514* 53 r724i76! 73 

•53i479' 54 **731394 !74: 

•544068 p 55 1740363 75 I 

*556301 j 56 I 1*748188 I 76 
*568201 i 57 i* 755«75 ij 77 ' 

■579734 i 58 i * 76341^ I' 78 

*591065 I 59 1*770852 i 79 
*602060 60 j 1*778151 jj 80 ' 


TABLE HI. 


*785330 
•792392 
*799341 
*806180 
‘81291 3 

819544 

■826075 1 
832509 I 
•838849 ’ 
•845098 j 

851258 ; 

857331 I 

863323 i 
869132 Ij 
875061 Ij 
880814 I’ 
886491 i| 
891095 11 
897617 1! 
903090 jj 


81 1*908485 

82 1-913814 

83 1*919078 

84 1*924179 

85 l•9294I9 

86 j 1-934498 

87 1 ‘ 9395'9 

88 I 1*944483 

89 r 949390 

90 1*954143 

91 1*959041 

92 1*963788 

93 1*968483 

94 i 973«»8 

95 ; *'977714 

96 r98227i 

97 1*986771 

98 1*991216 

99 **995635 

ICO 2‘OOOOCO 


Vulnc! (Value Bign Value ! Bign iValii 
i I in ind* at j in 3rd at in 4th i it 
jii 90 . Qyiyj j I Q,,^ 2JC*. ; Qnad. * 360* 


0 

O + 

R 

1 B + 


R 


00 

— 

<0 

+ 

R 

4 - 

0 

4. 

0 

— 
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TABLE IV.— LooABiTHinc Sunis. 



•0 

*I 

•3 

*3 

•4 

• t 

0 0 
1 

6*463736 

5*463736 
6*5051 19 

5*764756 

6*542907 

5*940847 

6*577669 

6*065786 

609854 

3 

764756 

7*5945 

806149 

835454 

843937 

3 

94 C «47 

955088 

968876 

983140 

995305 

4 

7*065786 

7*076510 

7*086975 

7*097194 

7*107179 

5 

163696 

171196 

I 797»9 

188001 

196130 

6 

341877 

349056 

3561 18 

363066 

369906 

7 

308834 

3*4984 

321058 

327049 

33*95* 

S 

366816 

373211 

377540 

383804 

388005 

0 9 

7417968 

7*431767 

7 * 4 a 75>3 

7*431308 

00 

10 

463715 

468047 

4713*6 

476563 

480759 

ti 

505118 

509048 

5 *mj 

516804 

520630 

13 

543906 

546511 

550085 

553630 

557*47 

*3 

577668 

580996 

584199 

587577 

590830 

*4 

609853 

613944 

61601 3 

619061 

633087 

*5 

6)9816 

642703 

645568 

648416 

651345 

10 

667845 

670550 

673139 

675911 

678568 

*7 

694173 

696710 

699153 

701770 

704373 

0 i8 

77 ‘8997 

7*711403 

7-713795 

7*716175 

7*728541 

*9 

743477 

744757 

747035 

749181 

75 *S »5 

30 

764754 

766920 

769075 

771210 

773354 

SI 

7 * 5»41 

788006 

790059 

792103 

794*37 

33 

806146 

808115 

810076 

812018 

813971 

»3 

81545* 

81733s 

81911 1 

831079 

849329 

832939 

H 

*43954 

845740 

847558 

851111 


861661 

863396 

865113 

866843 

868556 

36 

878695 

8S0363 

881013 

883678 

885316 

0 37 

7-895085 

7*896691 

7*898191 

7*899884 

7901471 

38 

910879 

911438 

i 9*3970 

915508 

917039 

39 

9161 19 

917614 

919104 

930589 

933068 

30 

940833 

955081 

968S70 

941187 

943717 

945*63 

946594 

3 * i 

956481 

957875 

959164 

960650 

3 » 

970125 

97 ‘S 76 

972911 

974^65 

3 J 

9 >i >33 

9*3547 

99^71 

984*57 

986164 

987466 

34 

M 5 '»» 

997745 

9990*3 

8*000177 

3 $ 

*• 0077*7 

8009016 

8*010161 

8*01 1493 

011711 

0 36 

8*030031 

8*031335 

8*011417 

8*033635 

' 8*014819 

37 

031919 

033093 

034161 

035436 

036589 

3 * 

043501 

044643 

045781 

046916 

048048 

39 

054781 

055893 

057003 

058109 

0^9021 

059113; 

¥> 

065776 

066861 

067943 

070098 ! 

4 * 

076500 

07755* 

078613 

079666 

0807 1 6 1 

4 * 

086965 

087997 

089018 

090056 

091081 1 

43 

09718} 

O9I193 

09919* 

100303 

101104 1 

4 * 

107167 

108153 

109 1}6 

tiotii ! 

111097 j 

1 4 S 

1 

116916 

117890 

118853 


130769 j 

1 . 1 ^ 

1*0 

—1 

•8 

7 1 

*6 ! 


Log. OmIbw 


*5 


6*163696 

*9 59 

639817 

5 « 

861666 

57 

7*007794 

56 

1 16938 

55 

304089 

54 

376639 

53 

33*7*7 

5 * 

393 •« 

*9 5 ' 

7 * 44*449 

50 

484915 

49 

5 * 44*3 

4 * 

560635 

47 

594059 

46 

635093 

45 

654056 

44 

68 1 308 

43 

706761 

*9 4 » 

7*730896 

4 * 

75375 * 

40 

775477 

39 

796163 

3 « 

815905 

37 

834791 

36 

852888 

35 

870263 

34 

886968 

*9 33 

7*903054 

918566 

3 * 

3 * 

933543 

30 

948010 

39 

962031 

38 

975603 

988764 

*7 

36 

8*001538 

*5 

013947 

I9 34 

8*01601 1 

*3 

037749 

33 

049178 

31 

060314 

20 

071171 

19 

081764 

18 

091104 

*7 

103104 

16 

111074 

*5 

...7.5 ^ 


T~l 









Tabus IV.— Logarithmic Sines. 



•6 

*7 

1 •* 

•9 

1*0 


• / 

o o 

8*341877 

6*308824 

6*366816 

6*417969 

6*463716 

89 59 

1 

667846 

694175 

718999 

743480 

764756 

$8 

2 

878699 

895090 

910884 

936124 

940847 

57 

3 

7*030038 

7*031938 

7*043510 

7*05479* 

7*065786 

56 

4 

136484 

< 3 S *>4 

144967 

15393a 

162696 

5 S 

5 

31I9I4 

319601 

337154 

334578 

341877 

54 

6 

383170 

389801 

396135 

301575 

308834 

51 

7 

344539 

35 «>a >7 

355*70 

361353 

366816 

5 * 

8 

39 »*H 

403*45 

408108 

413116 

417968 

89 51 

0 9 

744599 * 

7‘450497 

7*4549 5a 

7*459361 

7*4637*5 

50 

lO 

489031 

493109 

497*49 

501153 

505118 

49 

1 1 

538183 

531911 

535607 

539373 

542906 

48 

' ]» 

564096 

567539 

$70935 

574315 

577668 

47 

>3 

597164 

600445 

603604 

606740 

60985 J 

46 

*4 

638078 

631043 

633986 

636911 

639816 

4 S 

»5 

656849 

659614 

663382 

665123 

667844 

44 

i6 

681833 

686441 

689034 

691611 

694173 

43 

*7 

709*37 

711697 

714144 

716577 

718997 

89 41 

0 i8 

7733*37 

77355^6 

7*737883 

7*740186 

7 * 74*477 

4 * 

*9 

755980 

758190 

760389 

762577 

76475# 

40 

30 

77759 * 

779694 

7H1787 

783870 

785943 

39 

31 

798177 

8001X3 

801 1 80 

804167 

806146 

38 

33 

817831 

819749 

831658 

8^3558 

835451 

37 

*3 

*36635 

838471 

840300 

842120 

841934 

36 

34 

* 54*57 

856419 

858174 

859933 

861663 

35 

as 

871963 

* 73*55 

* 7514 * 

877031 

1 878695 

34 

36 

888603 

*90133 

891856 

893474 

895085 

' 89 33 

0 37 

7-904630 

7*906101 

7907766 1 

7*909316 

7-910879 

3 * 

38 

930087 

931603 

9 a 3«*3 

914619 

9361 19 

3 * 

*9 

935013 

936477 

937937 

93939a 

940843 

30 

30 

94944a 

950859 

953371 

953679 

955083 

39 

3 * 

963407 

964779 

966147 

967511 

968870 

38 

3a 

976937 

978167 

979591 

980915 

98**31 

*7 

33 

990058 

99*349 

993636 

993919 

995198 

36 

34 

8*003795 

8*004048 

8*005398 

8006544 

8-007787 

*5 

35 

015168 

016386 

017601 

018813 

02 CO 2 1 

89 34 

0 36 

1037199 

8*018384 

1 039566 

1030744 

8-031919 

*3 

3 *^ 

038905 

040059 

041309 

04*356 

043501 

33 

3 « 

050304 

051438 

053549 

053666 

054781 

It 

39 

061413 

063 507 

063599 

064689 

065776 

30 

40 

073341 

0733*0 

074376 

075439 

076500 

*2 

4 » 

081809 

083851 

0S4893 

085939 

086965 

18 

4 » 

093115 

094*41 

095*59 

096173 

O9718J 

17 

43 

103101 

104196 

10518I 

1^179 

107167 

f6 

44 

113049 

114011 

114991 

115960 

116936 

»5 

45 

111678 

123639 

**4579 

'* 55 ** 

136471 

*? 'f 

t 

'4 5 

•3 i 

*1 

*1 j 

•0 



Lof, CoibMS. 
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TABLE IV.— Logarithmic Sihks, 

•0 -I 

•1 

'3 

•4 

•5 


. , 

0 4$ 3*116916 8*117870 

81 18S52 

S’l 19812 

8*120769 

8121725 {89 14 

46 116471 ii 74>4 

128355 

119294 

130231 

131166 

13 

47 * 35^*0 * 3^733 

137654 

138574 

139491 

140406 

11 

48 144953 143857 

146759 

147659 

' 4*557 

149453 

1 1 

49 153907 154793 

155676 

156558 

' 5743 * 

158316 

10 

50 162681 163548 

164414 

165279 

166141 

167001 

9 

51 171280 171131 

172980 

*73827 

174673 

175517 

8 

51 1797 >3 180547 

181380 

182211 

183041 

183868 

7 

53 187985 188803 

189620 

190436 

191150 

191061 

89 6 

0 54 8196101 8196905 

8197707 

8*198508 

8199307 

8*200104 

5 

55 104070 104859 

105646 

206432 

107217 

208000 

4 

56 111895 112670 

*‘3443 

114215 

214986 

215755 

3 

57 119581 120342 

221102 

22 1 S61 

222618 

223374 

2 

58 127134 227H82 

228628 

229374 

2301 1 8 

130861 

1 

59 *34557 * 35 * 9 * 

236026 

236759 

237491 

138221 

89 0 

1 0 241855 142578 

*43300 

144021 

144741 

245459 

59 

I 149033 149744 

250455 

251164 

251871 

25*578 

58 

1 156094 156794 

25749* 

158190 

158887 

159581 

89 57 

t 3 8 163041 8163731 

8-264.^19 

8*265105 

8*265791 

8*266475 

56 

4 169881 270559 

271236 

171912 

171587 

273160 

55 

j 276^14 177181 

177948 

i*’86i 3 

279278 

179941 

54 

t 183143 283901 

*84557 

285213 

185867 

286521 

53 

7 289773 190421 

191068 

291-13 

292558 

193C01 

5 * 

8 196207 196845 

19-482 

; 298118 

! 298754 

199388 

51 

9 5015+6 30117+ 

303803 1 

1 504430 

1 305056 

305681 

50 

10 308794 309414 

3 ‘'-‘^"3 3 i 

310651 

; 311268 

31 1885 

49 

II 314954 3 » 55^5 

3 . 6 . 7 V 

3167841 

317393 

318001 

89 48 

1 11 8 321027 j8 321629 

1 8 ' 3 i'- 7 ). 

j 8*522852 

8 3*3411 

8*324031 

47 

*3 3*7016 32-611 

3x8204 ! 

3**’97 1 

1 3*9389 

329980 

46 

U 332914 3335 J 1 

1 334096! 

1 334681 I 

i 335*65 

335848 

45 

15 318753 33913 » 

339909 i 

1 340486 

341063 

341638 

44 

** 344504 345075 

345645 

3462151 

i 346784 

347352 

43 

*7 3501 8» 3 <:o 744 

35130: 

351869 j 

i 35*430 

35*991 

4 * 

>» 355783 356340 

356895 

357450 

I 358004 

358558 

41 

*9 36 i 3»5 361864 

1 362413 

362961 

! 363508 

364054 

40 

ao 366777’ 367319 

1 367861 

368402 

I 368941 

369482 : 

88 39 

1 11 8-372171 8-37*?o: 

83-1*4* 

8*373776 

8 374310 

8*374843 

38 

** 377499 378028 

37855- 

379084 

379612 

380138 

37 

23 382761 3*3*85 1 

383807 

3843*9 

384850 

385370! 

36 

14 38796a 388479 i 

388995 

389510 

390025 

3905391 

35 

M 393 »o* 393611; 

: 394121 j 

1 3946311 

395*39 

3956471 

34 

16 398179 3986841 

399188 

: 399691 I 

400194 

400696 ' 

33 

*7 403199 403698; 

404196 

! 404694 j 

I 405191 

405687 ; 

3 * 

18 408161 408654 

45 > 9»47 

409639 j 

i 410130 

410611 

31 

»9 ♦»3o68 4*3555 

414042 

4*45191 

[ 4150151 

415500! 

30 

30 4179*9 4**40* 

4 » 8««3 

419364! 

1 

1 419844; 

i 

420314 



ro 


Loff. Cotuie«. 
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TABliE IV.— Logabithmic Sines. 


1 

•6 \ 

•7 1 

■« 1 

•9 

1*0 


a t 

3 45 

1 

8122678 

8*123629 

8*124579 

8*125526 

8*126471 

89 

46 

132C99 

133030 

133959 

>34885 

135810 

i; 

47 i 

Hn >9 

142231 

143140 

144048 

*44953 

la 

4 « 

150348 

151241 

152131 

153020 

*53907 

II 

49 

159193 

160067 

160940 

161811 

162681 

10 

50 

167861 

168718 

169574 

*70428 

171280 

9 

5 * 

176359 

177200 

178039 

*78877 

* 797*3 

8 

51 

184695 

185520 

186343 

187165 

187985 

7 

53 

192873 

193683 

194491 

195297 

196102 

89 6 

> 54 

8*200900 

8*201695 

8202488 

8*203280 

8*204070 

5 

55 

208782 

209562 

210341 

211119 

2* 1895 

4 

56 

216523 

217289 

218055 

218819 

21958* 

3 

57 

224128 

224881 

225634 

226384 

227133 

2 

58 

231603 

*31343 

233082 

233820 

134557 

1 

59 j 

238951 

2*10679 

24040 5 

241131 

14*855 

89 0 

1 0 

246176 

246891 

247607 

248321 

149033 

59 

1 

253284 

2539** 

25469* 

*55393 

256094 

5* 

2 

260276 

260970 

261662 

262352 

263042 

« 57 

1 3 i 

8*2671 58 

8*267841 

8*268512 

8'269202 

8*26988 1 

56 

4 ! 

273933 

274605 

175175 

175945 

276614 

55 

5 

280604 

281265 

281925 

282585 

283143 

54 

6 

287173 

287825 

288475 

289125 

i «9773 

53 

7 

293645 

294287 

294928 

295568 

296207 

51 

8 

30C021 

300654 

301186 

301916 

302546 

5 * 

9 

306306 

306929 

307551 

308173 

3^8794 

50 

10 

312500 

3 * 3**5 

313729 

3*4341 

3*4954 

49 

1 1 

318608 , 

319214 

319819 

31*^413 

321017 

88 48 

[ 12 

8*324630 

8*325228 

8*315825 

8*326421 

8 327016 

47 

>3 

330571 

331160 

33*749 

331337 

331914 

46 

H 

33643* i 

337011 

337593 

33««74 

3 J ^753 

45 

*5 

342213 j 

341787 

343360 

343933 

344 5<'4 

44 

16 

3479 « 9 

348485 

349^5* 

349616 

350180 

43 

*7 

35355 * 

3541 10 

3 54669 

355116 J 

3557»3 

41 

18 

3 S 9 »** 

1 359663 ; 

360114 

360765 

361315 

4 * 

>9 

364600 < 

365*45 

365690 

366234 

366777 

40 

20 

370011 

370560 

37 »C 95 

37*635 

371 * 7 * 

18 39 

t 21 

8*375375 

8*375907 

8*376438 

8 376969 

*'377499 

3 « 

22 

380664 

381190 

381714 

381239 

382762 

37 

*3 

385*89 1 

386409 

386927 

3*7445 

387962 

36 

*4 

39*053 

391566 

391078 

392590 

393101 

35 

as 

396*55 

396662 

397*61 

397674 

398179 

34 

26 

401198 

401699 

402200 

402 7C0 

4 ^ 3*99 

33 

17 - 

406183 ; 

406679 

407*73 

407668 

408161 

3a 

28 

I 411112 

41 1601 

412091 

4*1579 

41 3068 

31 

»9 

4 * 59*5 

416469 

4*6953 

4*7436 

4 * 79*9 

30 

30 

1 420804 

i 

421283 

422762 

421239 

4117*7 

•‘7 


'4 

•3 ! 

•2 

:,* I 

0 



liOff. Coiiiw*. 
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“nf Deg. TABLE V.-liOO. STOffl, : 

T"^ i^e 1 Cogec. I Tang. 1 Cotang. 1 

fl4c 8 -ii 6«6 ir883074l«-n6963 11-883037 

46 116471 873519 116510 873490 

47 135810 864190 135851 864149 

48 144951 *55047 14499 * ■ 855004 

49 >53907 846093 153951 846048 

5c 161681 837319 161717 837173 

51 171280 828720 171328 828672 

52 179713 820287 *79763 820237 

53 187985 812015 188036 811964 

0 54 8*196102 1 1*803898 8196156 11*803844 

55 20407 c 795930 204126 795^74 

56 211895 788105 211953 788047 

57 219581 780419 219641 780359 

58 227134 772866 227195 772805 

59 ^34557 7^5443 234621 765379 

1 c 241855 758*45 241921 758079 

1 249033 750967 249102 750898 

2 256094 743906 256165 74383 s 

, I 38 * 26304211*736958 8*263115 11*736885 

! 4 269881 730119 269956 73 C 044 

5 276614 723386 276691 723309 

i 6 283243 7*6757 283323 7*6677 

7 *89773 71 C 227 289856 710144 

8 296207 703793 196292 703708 

9 302546 697454 302634 697366 

1 C 308794 691206 308884 691116 

** 3*4954 685046 315046 684954 

I 128 * 32102711-678973 8*321121 11*678878 
*3 327016 672984 327114 ! 672886 

14 332924 667076 333025 ! 666975 

*5 338753 661247 338856 661144 

16 344504 655496 344610 655390 

17 350181 649819 350289 649711 

18 355783 644217 355895 6441C5 

19 361315 638685 361430 638570 

20 366777 633223 366895 633105 

I 21 8*372171 11*617829 8*372292 11*627708 

22 377499 622501 377622 622378 

23 382762 617238 382889 617111 

24 387962 612038 388092 61190 I 

25 393*01 606899 393234 606766 

26 ] 398179 601821 398315 601685 

403199 596801 403338 596662 

tlj 408161 591839 408304 591696 

29 413068 586932 4*3213 586787 

}q 417919 582081 418061 5819321 

n CoiliiQ Scomlt" Cotanf. ) f 


aai Deg. 


Sec. ID. 


<^54 , 
0056 : 
C058 I 
oc6o 2 
0062 ; 
C064 I 
0066 2 
0068 2 
C071 2 
C073 . 

CC 7 S 2 
C078 2 
C080 2 
CC82 2 
co »5 * 
cos 7 J 

CC90 2 1 

<^<^93 I 


0*49 !_j 

Ilf 


14 Deg. 

Cosine 

9-999963 IS 

9961 14 

9959 *3 

9958 12 

9956 It 

9954 *0 

995* 9 

9950 8 

9948 89 7 

9999946 6 

coH 5 

994* 4 

9940 3 

993* a 

9936 I 

9934 89 o 
993* 59 

99*9 88 58 

9’9999*7 57 

99*5 56 

992 * 55 

9910 54 

99*8 53 

9915 3 * 


9907 18 49 

I 9*999905 48 

990* 47 

9899 46 

9897 45 

9894 44 

9891 43 

9888 42 

9885 41 

9882 18 40 

9*999879 39 

9876 38 

9*73 37 

9870 36 

9S67 3j 

9**4 J4 

9**' 31 

9*5* 1* 

9*54 1' 

9»5» j Wlo 

Mins ' ' 
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14 Deg. 

TABLE V.— Loo. Sijces, etc 


H Deg. 

1 

• '1 

1 Sine 1 D. 1 

Coecc. ! Tang, j D. } Cot. | See. 

ill 

1 Coe. 

! 



I %o 4179*9 -.96 582c8i|4««o68 C '‘49 6 9 « 5 « 

31 4 « 7*7 577i«3t4»i86v ,577131 0I5Z ^ 9 M 

3 » 41746* 7 W 57253 «{ 417618 '^,j 57 a 3 «a 0*56 g 9^44 

jj 431156 ill j '*'1 -» f r 7 "^® f ci ri t en ^ I q8ai 


5678441431315! 


567685 0159 


35 441394^,^7 5S«6c6j44i56cj ^ i 55844 <^ 0*66 ^ 9^34 

36 44594 * 554059} 4461 icj ;553‘V 0169 6 | 983 ‘ 


* 39 45930J 


40 463665' 536335! 463X491 !jc 6 i?-*"' 3' I 6 r''‘'*'' 

4 ^ 467985 ; 5320151 468»72|1 * |53i8a8'ci88 L I 9811 

706^ U^'’"^546 c.y, ^;98 c9 


J/ j j 549560 4506131 ^505 15493871 0173 g 9827 13 

38 454893 7^46 h+ 5*07 455070 ! 5 ‘i 493 oj 0177 5 9823 88 22 

- * 540699 45948»|'_„!s4C5»9;C»So , 9820 11 


a”, 5 19307! 5808921 519108 

Ao.t 5*5*52} 585050, ItW !5*-1‘>50 


0*99 16 9801 


43 476498 I 523502476693'^ 523307 0195 . 9805 17 

44 480693 99 5,5,307 580892; ^ 99 » 5,y,o8;o>99 ® 9801 16 

45 484848 685^ 5*5*52 585050, 5*4950: 0203 9797 15 

46 488963 ^59 5,,c,^7 589*70} 510830} C2C7 ^ 9793 14 

47 493040 506960 593250: 506750^ 0210;^ 9790 88 13 

1 48 497078 6660 502911 597293 L 6 " 6 i 5 ^^"<^/‘‘^^HL 9786 ii 
49 501080 .. 498920 501298' 1498702 C2 i8 1 ' 9782 11 


15**037 589*70' 15*0830} C2C 7 


52 512867 


53 5*6726' 1 483274! 5*6961! t-; 


487 * 33 ; 5 * 3098 ;^^^ : 4869 C 2 0231 I ; 


: m> 3.9 


! 5*6961! ^•1^^.4X3039 0235; ' 9765 
i 52 o: 9 .'> 14 ’9210 C259 ! 9761 


6164 ' 5657 524586 , ^^>^’.-5414 c 243 j j 9757 

56 528102 ^^^1 I 471898 528349; (471651 0247 I :l; 9753 88 


K 6*58 > 6 * 6 s 146 : 91 c 0252 j . 9-48 

5^1 5 1 5 52 3 L,,J^: 464477; 5^':-9 ^^,^^,464221 €256^ 


59 j 539*86 ^ : 46 vXi4| 519447 j46c 553 0260 ^ : 974 

^ I 6ccl : 543 ^ 84 4569*6 0265 ; ; i 975 


* i 5^9995 i 4 SCCCS 55^ i*i8l }449732 0274 ' : 


740 I 

75588 o 


3 ' 551539 JJ.v 
^ 5 p 54 g;,j 442946 
5 5 ^ 54 cL\JM 43 v 4 ^ 
‘ 5 ? 39 !> 9 L', ' 


’ 1 dL,12UA.6i <«- 111» ^ 442664 0283 


6| 5 5 :i 3 *’i 
O' 56^8281 


: 439 »r 2 0287 ! g j 9713 I 87 55 


436 CCI: ^ 6419,1 435709 C 292 1 


7 56743* 1 432569I 5677271 ,432273 0296 g 9704 

* 570836 !J:Jj429*64 57**5*'; ^6*8 428863 03C1 J 9699 

’ 574 »» 4 L^X 415786; 574520} ”38 ^3,^ ^694 

10 577566 5 W 5595 03ii|: 9689 

11 580891 419108 58*108; 555^ , 0315!! 9685 

I* 584*93 4*5*07 5845*41 4*5486 0320 i J 9680 

*3 587469 4*»53» 587795; 4*1105 0325; J 9675 

14 590711 54 9 409179 59*05.; ^^408949 C330 J 9670 

1$ 593948I i 4 o 6 o 5 >{ 594183: ^ 405717 0335 9665 


9708 54 
9704 53 
9699 5 » 

9694 51 
9689 50 
9685 49 
9680 48 
9675 47 
9670 46 
9665 iST 45 




Deg. TABLE V.~Log. Sines, etc. 8 De g. 

» * I Sino D. I Cosoc. | Tang. D. | Cot. Sec. D.| Coe. 

8* ir 8* ir lo'oo 

2 15 59394 * 5,,, 4 c' 9 o 5 J 597^*3 405717 ^ . 9^5 45 

■* W> 5 > 40 ** 4 * 59749 * 40*50* 0340 * ,660 44 

'2 5 ~* 3 ‘ 5*61 3 ^^** 1,70 3993*3 0343 , 9 «S 5 43 

5«3 5*3* “350 ‘ 9650 41 

.9 fo66,3 5 j 3 3,33„ 606978 5 3 3, 30,, ^355 * ,645 4, 

*0 609734 7 390,66 610094 5 5 + 389906 0360 5 ,640 40 

“ !'“!“3 3 * 7-77 6 i 3'*9 \] l , 3 ***.. 0365 5 ’el, 39 

“ 5 ' 5 * 5 < 5076 3*4-09 6-6261 3 383738 0371 5 5629 38 

“3 ^'*937 ”1 3 *'o 63 619313 5^*5 ,80687 0376 5 96H 87 37 

* *4 62196, . 378038 6„343 377657 0381 9619 36 

*5 6H965 3 375035 6,5352 5 5 3,^648 0386 5 9614 35 

,6 6,794s +5 , 37,05, 6,834c +’*■ 371660 039, 9608 u 

,7 630911 +53 369089 631308, + 5 +' 368692 0397 5 ,603 ,3 

** 633*54 JSjt 366.46 634256 ; + 5-3 3657 ^ 4,040 5 5 ; 55 

=5 ^5J76+* ‘ 363224 637.84 +^ 5628,6 0408 5 9^5”^ 

r . 0??*!“ 1*06 ' 35 “ 3 *c 640093, + 5 + 1 , 359907 0+.4 9 „5S6 Jo 


*9 63 ij i J," ; I 363**4 637,84 + “ 5628TZ ^08^ 5 : 

Jt 4S06 ' 56032c 6400931 ll+l 359907 0+.4 9 95S6 lo 

3- 641563 ’ ; 357437 64*982!+ ■ 357018 0419 9 9581 L 

32 64541* I 35457 * 6458531+' + 354147 0425 9 j, 7575 87 ,8 

‘ 33 648274 .351716 6+87041 35,296 0430 M9570 17 

34 65110* .55, ! 34 ^^^ ^ 5' 5571 0436 ^ y5(>4 a6 

55 1539 ' - 1 «! I 3460*9! 65435* 111 345648 0442 ^ 1 . 5* *5 

5 ^ 5 “^“* 111 I 543 * 9 * 1 657.49 111 34 ** 5 . cZr *1 

H / 4501 ' \l HCC72 0453 ^1 9547 13 

I til] I 3 n 77 cj ; J 3373 n 0459 I 9 ^^ *1 


^ 4563 | 3 ^^^ 7 c J 3373 N|c 459 J 954 * *11 

39 j%96fc J> 3*335032 665433; 334567 C465 Sv535 ,, 

40 667689 J 5 ^^| 33 ai»« 668 i 6 t,^ 5 -H 33,i(4c 047! 195L) to \ 

4.1670593 3*9607 67087^1 3*9.30 0476 ;ii.;524 87 ,9 

1 41 1 675080 ! 3*6910, 673563: 3*6437 0482 195,8 ,8 

43 i 67575' lIL ' 11376 j|o488 19512 17 

44167*405 7 J,^' 38 - 595 67*9001^54 ,2.,c< 10494 “19506 16 

4 Si 6*1043 3.8957 6 SlS 44 i«^J 318456 0500 “,',500 ,5 

+ 6 : 6*3665 + ,“i 3.6335 ‘* 4 . 7 *; + '*“ 3 - 5 *** 0507 '“19493 u 

47 ; 6 S 6272 ^ 5 , 313728 686784 :+ 55 + 3132,6 0513 "'iJ+sJ ,t 

+ 8,688865 + 5 'J. 3...37 689 , 8 ,, + 5 *» ,, 06.9 dl '“, 1^81 li 

491691438 * 2,308562 691963 +5 3 ,08037 0513 '“19475 II 

50,69399* , 306002 694529,^^57 30547, 05,, ,7 ,0 

a 5» 1696543 . 303457 697081! !3029»9 0537 U463 g 

52 699073 4 i 3CC927 699617' ^^^*1300383,' 05^ “'njci I 

53 7 o*S* 9 |^,^j>a 9 * 4 *« ia 97 >^ 6 i| 0550 J J! 9450 7 

7 CXCOO ( loeoif 4' /9 1,^,,. _ 11 : ' 


54 7C4C90 J *|*959»c!7<54646 J 19 ) 25 > 53 ^ j J 

55 7^6577 j 193413, 7 C 7 ' 4 c J 55 :29286c 0561! 9437 5 

56 ; 709049 ♦ * i 9 ^y 5 '| 7C96.S mi i 29 <^ 3 *i CS69 ' 94], 4 

5 ^' 1^74 ! *;! 493 ! 7 'ic 83 t’g! i'^« 79 ' 7 i 0576 I ' nH 3 

5* ; 7*4534: 185466! c «2 i 

59 j 7*63831 28361 7) 7,6974. mi I283C28; C589 '* 9411 I 

_6o ;■ 7*88 co | 9 ^ ituccj 7i939^j ji8o6c4j 0596 j* * 94C4 B7 o 
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TABLE V.--IXKK Swtt, «w. 


t Cotec. Twig. I D. i Cot 8 cc. jD.! Cot. 1 


4 30 894643 -5-0 *05357 *959*4L5o- 104016 1341 ,, *659 

31 896246 103754 897596 ; 102404 I35« ,7 8649 

32 897842 . 102158 899203 .V 100797 1361 ; 8639 

33 89943* -All <00568 900803 , ' 099197 1371 ' 8629 

34 901017 098983 90*398 097602 1381 ' 8619 

35 90*596 -622 °97404 903987 096013 1391 ;; 8609 

36 904169 095831 905570 094430 1401 / 8599 

37 905736 j6o3 ° 94*64 907*47 ^620 < 4 *< « 5«9 

38 907*97 092703 908719 0912811 1422 8578 

4 39 908853 .,*. 091147 9*0*851 , 089715; 143* ,7 8568 

40,910404 5 4 ,oj{^ 5,^6 911846 088154, 1442 8558 

4*1 9’ *949 lc6^°*^‘^5« 9»340» .JJ, 086599 1452 ;l 8548 

42 913488 086512 9«495‘ 31J7I 085C49 1463 / 8537 

43 9'5o*i JI7 084978 9*6495 3,^6; 083505 1473 8527 

44 9*6550 ntJ 0831501918034^*505 081966 1484 8516 

45 9*8073 ’‘^5681 080432 1494 ,g|85o6 

46 9*959* icio ' ‘^*‘^^^1208 078904 <505 I, *18495 

47 9 *<*o 3 078897 9**619! 077381 1515 Ij* 8485 

4 485921610 077390 9*4*361. 075S64 1526I I 8474 

49 9*4*** jL: 075888 9*56491 074351 1536 ,g! 8464 

50 925609 JJI* 07439* 9*7*56) 107*844 *547 Lgi 8453 

5* 9*7 *oc|*i” 1072900 928658; *503 3^, « 558!;8 «44* 

52 928587 -tio I 07*4*3 930*551 -^g| 069845 * 569 Lg! 8431 

53 930068 i 93 ‘ 647 j 1068353 1579 ! J: 8421 

54^91*544 066866 »590j;;!84.o 

55 933015 al5J 0669851 934616; ^4^^ i6oi| *!8399 

56 934481 j<^6s5i9| 956093 ^4^^ 1612,^^.8388 

4 57S3594* j.j, i 064058 93"565! 1062435 1623 ,J8377 

S< 93739^ i 0626011 939032: 1060968 1634 JI8366 

59 938850 J,;io6ii5o 940494 ! J'Mo 59 506 1645 ,*1*355 

& rt' niniu6 4 j oeo^oA iixioci: 43 i6r6 < . S^aa 


o 940296 


! 059704 94*95* 


yT''-7' I ~ ~'^i y T - A ■» - 1 ^ ^ , |0 5 8048 •6561 , 

I »+'71* »4J+o+j *,,|05*5»6 1667 ’i 

»! 943 ' 7 + * ’|o 55 ‘ 4 < ‘‘J* ,o' 


J 544606 ’ ',055124 946195 * ’ 053705 i6«9 9 «,,, 

♦ 94*014 : oil*** 947714 ‘IL 05.466 i7oo »! *300 

5 , 94745 * ,j 63 a|*t ' 7 >il,’i« 4 t 9 

5 * 94»»74 I o 5 U 26 | 9 50597I 1049403 1723! i S 277 

7 950287 049713 952011 .hi 047979 ; *734 ,oI **66 

*1 951 * 9 * .;Io 435 S , 2!*»55 

9 951 '<» ’ 54 » 5 *L„, ■ 04 S '44 ' 75 f , 0 ! *»43 

10 954499 <H550lt9s4»67jj’> ,043731 17M J Ii3* 

11 955894 f ' 0441 o 6{ 9576741 .,1: 042326; 17*0 i j 8220 
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041716. 959075I 

0413309604731. 


040925 179* \ 
, 03952 **, 1803 ; 


14] 96^52 j 030948 961866. *1*1 ^0381 54 1814 8186 

1 J 961429 * j 03*571 963^5 *5 ♦ f 036 ? 45 i 1826 8174 
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lo 9«1>49 “?J 

“ 97®>{7 

5 X4 97J‘** 
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84|Deg. 


03*57. 963155 
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031751 970*33 
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0*7711 974109 
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0*5038 976906 
0*3707 97*14* 
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OJ1917 990149 
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004*3* 997908 
00*964 999188 
‘^*701 0^65 
O01738 
8^184! O03007 
»9793' 004*7* 
89668* 005534 
*95437 O0679* 
894195 O08047 
89*956 009*98 
8917** 0 10546 
8^90 O11790 
889*63 O13031 
888038 014168 
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885600 O1673* 
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8*19^1 0*0^3 
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187* ^ till 
1**4 “ *1.6 
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! '95« *044 
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*c 
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*1 
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TABLE T.-Loq. Swim, me. 

I Conee. j Tm>|{. [ D. | Cot | Sec. [D.j 


• 45 070176 91J*; 

46 07.^ J" 9»*7: 

47 07*3®* ,lli 9 * lf . 

4( 073366 y'z 9*«: 

49 0744M Y .‘ 9»$S: 

50 07J4*c 9H$: 

5' 07*533 ,111 

s» 0775*3 (ils 

53 07**3> lyji 9»'3< 

6 54 079676 I 9*03: 

55 0*0719 919*1 

56 0*1759 , V 1 9>*»- 

57 oK»797 ,L! 9'7>< 

5* 0*3*3* 9'«" 

59 o*4**4 , 1 ,. 9'S' 

7 c 0*5*94 ' ' 914" 

1 o*69J1 ’ 9130: 

» 0*7947 ,1^ 9 1*0: 

7 3 0**970 9"o: 

4 0S9990 ,4^4 9100 

5 091C0* ^ 90*9, 

4 091014 9079 

7 093037 ,4, 90691 

* 16*0 

9 °9r5‘ ,6-6 

10 096061 9039 

11 097065 ,441 90*9 

7 11 09*066 9019 

13 099065 ,44j 9009 

14 1C0061 , 8999 

■ 5 >0'05‘ n! *9*9. 

.7 <03037 ti? *9*9' 

1* 104015 4^ *959 
19 105010 *949' 

ic 105991 ,4j^ *940' 

7 *1 >0*973 , 6,0 *95“ , 
** 107951 ,4„ *9*049 

I 13 10*917 4 ' *91073 

14 109901 ,4,, *900991 
*5 110*73 ,4,4 **9i*7i 
16 111*41 4 , ***i5*j 
11**09 **7191 

“*774 »*‘**6| 

“4737 I40J **5*63 
11569*1'*®' **4301! 

dm . |“iri Bee 


9*»**4 073197 
in 9**75* 074*7* 
lit 9*7^ 07535* 
I4, 9***34 076431 
9*5576 077505 
9H5*c 07*576 
'll 9*34*7 079644 
;'6 9**417 0*0710 
Y^x 9*'3*9 0*1773 
j 9*03*4 0*1*33 
75 9191*1 0*3*91 

9'*H1 0*4947 
* ^ 917101 o86coo 
7*5 91616* 087050 

ly . 91513*! 0**09* 
; 1 91410610*9144 
; ’ 91307*10901*7 

7^ 91*053! 09'*** 

' 91 IC30' 091166 

^ 910010:09330, 
^ 90*991,094336 

907976 095367 
6*1 90*9*3 096395 
4go 90595310974** 

4,4 904944109*446 

4' 90393*; 0994** 

til 90*935 1004*7 
44, 901934 101504! 

661 900935110*519; 

4,, »9993»i 10351*1 
45! *9*9441 10454* 

4:’ *9795* 105550 

♦9 *96963 106556 

4!? *95975 '07559 
4^ *94990 10*560 
4]^ *9400* 109559 

4,„ *930*7 11055* 


j 9**803 30,1 

III »** 5 ‘* 3 o^« y 
’ 5 * 9**495 30 *' y. 
!*; 9 *' 4*4 309 * 4 

7 9,0356 Jill 5 

” 919*90 3 '** ,5 

9 1***7 314 * 

'43 917167 3157 

' » 916109 317, ' 

915053 3 '** 4 
4 ; 914000 3103 
75 ,,,„c 3 * 1 * ,4 

LY, 9 " 9 o> 1*34 ,4 
45 910*56 3*49 ,6 

yc« 77 j 3180 

' . 9^7714 
ly 90669 * 33 . 1 ,4 
' 905664 33*7 ,4 

l,\ 904631 3343 ,4 
903605 3359 ,4 

I 90 * 57 * 3375 ,4 

II 901554 3390 ,4 

l\ 90053 * 3406 ,4 
4 ” * 995-3 34 ** 

69 . W 541 * 1,7 
4 I- * 974*1 3454 ,, 
6,7 * 9646 * 3470 7 

J ♦ * 9545 * 34*6 Y 
4,4 *94450 350 * ' 

4!, *93444 351 * ,, 
669 ?’*«’ 5535 ,5 
44 ’ *91440 355 . 

44 ’ *90441 3567 ;,' 

4 .. **9444 3 5 * 3 !„ 


t 11845* 

I >19419 
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Co(t 

999 

6979 1$ 

6964 14 

*949 '1 

6934 It 

6919 II 

6904 10 

6889 9 

6874 ti 

6858 «3 7 


67s* ®3 0 
6735 5 ? 

6710 81 $8 
6704 57 


** 55 * ,6cl 

*3531 J - 1886467 36 |i 

* 45**1 ”5479 3 M J 

i6i5'”3509 368* 

‘»45* 6^* 8«»54« 37*5 ^;; 
19419 !* *^[8 80571 173 « 

AOft* C<»- il)-l 


6578 81 49 
6<,6z 48 

*-^46 47 


6481 4j 

6465 41 

6449 4* 

6433 8* 40 

6417 30 

6400 38 

6j84 37 

6368 36 


6169^3 30 
Hill© 1 ^ ^ 
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i<»o *7»33' 
«« *7»S*3 
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.56, !74«.3 
*73*75 
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,511 **’*'9 
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**7370 
,551 ***449 
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11^ *•”!• 
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uS? *33757 
1*1 *3>»^ 
!lil *5'934 
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life **3^* 
>457 
■!» 

D. Saei 


S,J»»057> 373' 

Ill *7959* 374* li 
•“ *7»6»3 37*5 li 
1 ? *77*5* 37*1 1; 

! '*7***3 379* IS 

llj!*7S7>* 3*>5 ll 
1^;*7475' 3*3* IJ 
1^ *737*9 3*49 IS 

5°;(*7a*»* 3*** ll 

594 1*7 '*7° 3**3 ,, 
w i*7°9'3 3900 ,• 
5», i**9959 39'7 * 

37 869006 3934 

5*1 ***05* 395' ll 
5„ **7'o7 39** ,, 
iJ ? 866161 3985 ^ 
5!1 **5*'* 4«>i 1’ 

”7 *64,74 4010 ^9 

564 **3333 4037 

“U’si S," 

555 *9 

111 *595?' 410* !’ 
»5**lo 4.H ll 

11 *56*04 4-59 ll 

.,,1*54956 4>94 
151i*54034 4»<» ® 
ll9i*53"5 4«9 ® 
l,6i;3»'97 4*47 
5,, |*5'»*» 4**5 5” 

>;:lK«t:i;si 

,o*:*4*73' 4354 J 

1*1 J4*.,5j 4445 \l 
l|it*4'3»9j44*5 D 
*40435 44*' 1® 
I*; *39543 4499 

1*3*653! 45,« 3' 
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6201 26 

6185 25 


6134 82 22 

6117 21 

6100 20 


5980 82 13 

59^3 


5823 82 4 
5806 3 

57M a 

5771 aa I 
5753 0 
5735 59 
57*7 5* 
5^9 57 
5681 56 
5664 81 55 

5M 54 
5628 53 
5610 52 
559* 5* 
5573 50 
SS5S 49 
5537 4* 
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iJi* r*’” 
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III *34546 

5”‘« 
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l o ‘3"« 
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\p^ 
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^ Si 

*H4.» 

Ij86 

11*1 *“7S‘ 

\V»l !*'»*» 

.377 **"“ 
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JI* »i*6i6 
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*'69*4 

816166 
*■»« 
3 6 !'♦*” 

*1190* 

k Jisi 

"!« 

‘“7*66 
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8lf D«g. 


to* to'oo 9'99 

: ,4*, 45^*11*1 

*479 Vll ^ *”6 ’ 54«4 

I 4” *3“77 4554 ], 5446 

1473 !33Wi 6573 *, 54»7 

‘ >470 !”'°f ♦P' 3' 5+“9 

‘ 46t *3H‘* 4647 * 5353 

' 143* *3'59' 4666 3^ 5534 

' ,4Cc *3®7i6 46*4 ,, S3'6 

’ '453 !*?*♦* 31 3*57 

' '450 !*!»7' 47*. *, 5*7* 

' >447 !**'°' 474“ V S**° 

llll **7.33 4759 „ SH' 

1441 **6366 477* 3* 5„, 

•439 !*33®' 4797 ]. 5»03 

lU *.4‘3« 4*'6 * 5'«4 
*.3776, 4*35 ]{ 5'65 

1*11 ***9''* 4*54 „ 5'46 

,43J it . 

1415 ?*'*°' 4*9* ], 5'o» 
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14.0 * »♦’* 4930 5070 

1417 !'**}“ 4949 „ 505' 
141C *'77*9 496* 503* 

•t.i *■‘94' 49*7!’ 5013 

1409 *'‘°93 5007 1 1, 4993 
.407 !’5 H* 50.6 I j, 4974 
. *.4403 5045 3 4955 

*'356. 50651 , 4935 
!'399 !'*i;i® 30*4 49'‘ 

I 13” •■'**“ S'04i’j 4*96 

i 1391 !"°4} 3'*3!” 4*77 
i ,101 *'<»o6 5'43 4*57 

13*9 *°937 i 5161 | 3’ 4*3* 
till *®**3* 5'*»j” 4*'* 

'3*4 I^Zji 3*«ij, 479* 
ill? *^76 5**' 4779 

1179 *“*“47 5H' 4759 

,’7| lo5»«. 5*6' || 1 4739 

1174 *“4194 5**' !iv47'9 
117? *®3570 5300 ”,4700 
1169 *“*747 53*0 :„l 4**0 
*0'9^ 5346 1”! 46^ 
,1«4 *01 106 5360;” 4640 
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• 41 ! 
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♦7 
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5* »ll»7» 
5» 131*99 
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9 54 *15349 

55 *16073 

56 136795 

57 *375*5 
5* *3«*35 
59 *3*953 

10 o 13967c 

I 140}K6 
1 i^itoi 

10 3 141*14 

4 I4i5afe 

5 H5*37 

6 143947 

7 *44656 

* *45363 

9; 146069 

ic 146775 

II 14747* 

to II 14*1*1 
13 14***3 
*4 *495*3 

15 1501*1 

16 I509*c 

17 151677 
I* 15*373 

19 153067 
so 153761 

1011 154453 
1* 155*44 
*1 *55*14 
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sc S57SII 
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*7 *5*5*1 
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*9 *5995* 

|o *60611 
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771116 135103 ,,4. 764*97 I* 

7704*1 153*59 ijc* 764*4* 6340 »>' 3660 

76974* 136614 ' K 7633*6 6361 3638 13 

769016 13756* * ^ 76*632 63*415* 3616 n 

76*1*6 13*110 54 yfijggo ^,f3594 n 

767556 13*871 4^jg ?1!3571 k 

766*1* 139611 2g 76037* 6450 1, 3550 c 

766101 140371 24 7596*9 6472]{;i3Si« I 

765375 141118 7S**«* 6494 1^(3506 lo : 

764651 141865 ^ 75*135 6516 I 5484 ( 

763917 141610 ,rT-,|75739^ 6538 546a « 


ft 

^ 77<Hl» >){isy 
^ 7*,7+l »3W.+ 
76y>.6 1J7J6I 

*'? 7 Mi« »j»i»c 
, * 7‘7$$6 M«»7» 
* 5 76M.I »39»ix 
766101 140371 
^ 765375 141*1* 
76465* *4**65 

joJ 7639*7 *4*6*0 
f 763205 243354 

100 7614*5 *44<‘97 
,0, 761765 *44*59 

761047 145579 

760330 *463*9 

101 7596*4, *47057 
,*9 75**99: *47794 
.*7 75«'«U4*$3- 
,g5 7574741*49*64 
181 756763 14999* 
.gj 756053 *50730 

1755344 *5*46* 
,7' 754637 »5»«9* 
75393* *5*9*0 
jIJ 753**5 *5564* 
75*5*» *54374 
75'*«9 *55'o<^ 
75**»7 155**4 
lo' 7504*7 *56547 
,6, 7497** *57*69 
,6. 7490*0 157990 
74*5*3 »5*7'o 

747617 1594*9 

,5e 746913 160146 
,5^ 746139 *60*63 

i» 745547 16157* 

744*56 16119* 

lil 744*66 163005 
tl* 765477 *63717 

it! 74*7*9 *644** 
ill 74*10* 16513* 

ill 74*4*7 *65*47 
74073* *66555 
740049 *67*6* 


756646 6560 3440 

As 7559 <^l! 6582 54, s 

755 > 6 » 6604 J: 3396 
j'i 7544**16626 ]^! 3374 

ato 7536*1( 6649 3351 ao 

218 75*943,667. |,i 33*9 
ai6 75**^6j6693 3307 

iix 75 « 47 <J 67.5 3**5 


* 73?i67 167967 j73*o33 | 73 

irl 8«e. Cot D. iT»ng.rci 


ii4 75«47< 67. 5 1 3285 57 

7S0736 67iH*|7 

aio 750C02 6760 ;; 3240 55 

- 74V27C 67*3 JJ 3117 54 

j,, 748539 6805 3195 53 

747*09 6828 3371 52 

747080 6X51 JJ 3149 5j 

74635* 6873 3**7 5^ 

109 3« ^‘7 49 

107 7449<^o 69.9 g 3081 48 

act 744*76,694. > 30S9 47 

joJ 743453 6964 3<^36 46 

aci 74273* 6987 iJji 3013 43 

ICC 70*0 igl *99<^ 44 

108 74**90 7033 :« *967 43 

106 7^S7t 7056 i|g *944 4* 

,L 739*54 7079j{g|*9»» 4* 

739* 37j 7*01 2898 7940 

,00 73«4»*| 7**5 ,g|**75 39 

,1? 7377c 8; 7*4* ?g;**5* 3* 

,g? 736995 7»7« ■3gJ»*»9 37 

ig! 7362«3j7i94;]9i**^ 36 

.fj 73557* 7**7 *7*3 35 

714*61 724* *759 34; 

714*51 7*64 ’’i *736 33| 

(7334451 7**7 5 *7*3 3* 

71*739! 73*0 ini *690 3* 


i 71*7391 73*0 


7334 1666 , 7a 3 0 

“CtnL K'liiiwf . * ' 


794 Di>g, 




80 


Deg. 


® M sine 


TABLE V.--L00. StifM, ira 


D. Coiec. [ Teng. { D. | Coi | 

r V I I 1 ' 



7193«7 *«79«7 
111 73*686 168671I 
73*co6 169375! 
,L 7373*7 i7«^77| 
736649 *707791 
,-6 755973 *7*4791 
... 735*97 *7»*7*| 
7346*3 *7**76j 
733949 *735731 
,10 1733*77 *74*69! 

,,,'73*605 *74964 

!73‘935 *7565* 
,* 73**66 176351 

73059* *77043 

,,o 7*993* *77734 
108 *7*4*4 

,06 *79**3 

,05 7*7936 179 * 0*1 

,0, 7*7*74 **04** 
,0] 7*66ii 181174 
7*595* ****5» 
i 7 gl 7»5*9* ***54*' 
,096 7H633 **3**5; 
.o'. 7*3976 i 83907< 
7*33*9 **45**i 

10S9 7**009 »*5947j 
loj, 7*13561 *86614; 

, -'i7»0703 1873011 
I - 1710051 187977' 
lost 7*940* 188651 
,og, 7*875** **93*6; 

^ 718103: 189999; 

1077 17*7456; *9067*! 
,77 7*6810! 19134*! 

,074 716164* 191013 

1071 71 $5*0; 19*68-.! 
I 7*4876.193350, 
,c6o 7*4*34: *940*7 

71359*1*946841 

,066 7**95* *9^491 
064 7**1«1,*9^*1 
061 7*»674|»96677 
.J 711036,197339 

U. 8k. I Cot 


73 «> 3 J 7334 jJ 
„ 73 ' 3»9 7357 « 
I 73 ® 6»5 73 «i io! 
,L' 7 *W »3 7404 

74»» III 
745' III 
5 7»7*»* 7475 JXl 
^ 7.71*4 7499 "1 
7164*7 75« S 
,,,71573' 7546 ^ 
**!7»5036 7570 
1714341 7594 lol 

1713649 76. « 
711957 7^' ^ 
L '711166 7665 
5 711576 76X9 Jo 
1, 7»o«*7 77 '3 To 
4/ 710199 7737 

719511 7761 

JJ 71««i6 77*6 ♦ 

Jo 7 '** 4 * 7*'0 Jo 
,J, 7 ' 745 * 7«34 Jo 
,?* 716775 7 « 5 * JJ 
J 7.6093 7M3 JJ 
\\ 71541a 7907 :, 
fr 7*473* 793* 2, 
714053 7956 2, 

,g 7*3376 7980 
,6 7**699 8004 2 
711013 8019 I 
\ 7**34« 8053 2 
JJ; 71 o 474 »o 7 » J 
7'oooi X.03 J 

; 

,5*707987 8*77 J, 

12 706 I 50 8116 2 ; 

2 705913 8151 i22i 
7053*6 8.76 
^ 704651 8301 2. 
J 701987 8316 2^ 

70||*3 S351 2; 
SJ 70*i6i 1376 22 
oi 701999 8401 22 
70*138 8416 ^ 

). i TW. tcoiL tell 


1 ,^ 

9'99 


1666 

30 

*643 

19 

1619 

iX 

'1596 

*7 

1 * 57 * 

16 

*549 

*5 

(1515 

*4 

1 * 50 * 

*3 

1*478 

79 ** 


1996 1 
1971 I 
*947 7 m o 
1911 59 

*897 58 

*873 57 
1848 56 
1815 7 t 55 


*574 ys4$ 





Pgg: 

» ' I atam D. 

r 

U 15 ,oj| 

.6 >90170 

■ 7 *»>S«>+ 

xo !>91199 ,050 

M 1*951*4 
■I >4 *959'J ,0., 

*5 ’194519 ™ 
*‘i*»7'44 

»9!»W0J4 
JOia996n .ou 
V \ ioox 7 t 

li|3Col9S 

** 3lj3o.$i4 

H Joaiji 5 

35 130*74* ml 

36 303364 

37 303979 ,0,3 
3 * 304593 ,oii 
39 30SJ07 , 

^ 10,9 

loi? 

II 4*1307041 

; ■°’* 
♦5110**47 :::j 
44j309474 
47I1100I0 . 

♦*l*'‘^*5 “7 

50 111*93 ,o4 

II s> 1I1495 ,oot 

**'”’21 
Slil«l‘9* ,000 
5+ 1»4J97 , 

55!i«4*97 "* 


5» l*oo»9 

Silid 


TABLK V.-— Loo, rrc. 

Co— c.| Tmg. D. Cot 

lo- 9* io‘ 

. 7C^64 *9^61 70T738 

; 709*30 1993** ,008 700678 
708496 199980 ^6 700010 
707863 300638 ^9361 

70713* 301195 mi 69*705 

706601 301051 698049 

705971 301607 ^ 697393 
70534* 303161 mr 6967J0 8^3 1 
704714 303914 696086 8618 1371 71 37 

704087 304567 ^95433 *654 1346 36 

703461 305118 - 694781 8679 I; *3»> 35 

701836^ 3^869 , 43 3^ 

701111; 306519 gj 693481 8730 1*70 33 

701588! 307168 691831 l7e6 1144 3* 

700966) 307I15 g 691185 8781 till 31 

700345,308463 ,0'- 691537 8807 1193 30 

^97H 309109 ^ 690891 I833 1167 to 

699105 309754 mi ^90 h 6 «*59 *»4i 7* »* 

69*4*6; 310398 680601 8885 1115 17 

697*68; 311041 'J 68*958 891a 63 ,0^ ,4 

69715*1311685 688315 *93663 ,o4^ 

^6636, 311317 , 687673 89^ 63 ,031 

696011, 3**967 ,o47 687033 89I8 63 ,o,a aj 

695407; 315608 686391 9014 63 0986 11 

694793 3*4*47 685753 9040 0960 11 

694181 314I85 685115 9066 0934 10 

693570 3*55*3 ,o4, 684477 9091 ^ 0908 7I 19 

691959 3*6159 683841 9118 0881 il 

691350 316795 683105 9145 0855 *7 

691741 3*7430 681570 9171 64 ,4 

691133 318064 681936 9197 ^ 0803 15 

^516 3**697 mi 681303 9113 64; 07^7 ,4 

689910 3*93*9 loJT 680671 9*50 TT; 0750 13 

6*93*5 3*996* 680039 9176 ^ 0714 12 

688711 3*059* ,050 ^7940* 9303 0697 II 

688107 3*ix»» 678778 9319 ^ 0671 7* *0 

687505 3***5* ,047 57**69 9356 ^ 064* 9 

6*6903 3**479 677511 9381 ^ 061I 1 1 

6I6301 313106 676I94 94091^! 0591 7 

6*5703 3*3731 676167 9435 0565 6 

6*5101 3*435* m ; 675641 946i;64jo53l 5 

6*4505 1*49*3 675017 94*9 ij; 0511 4 

6*390* 3*5607 674393 95*5 , 04*5 3 

«33ii 31^31 ^73769 954* 045* * 

*6*53 ,016 573*47 95^^0431 « 

*7475 / 671515 9596 [♦>: 0404 y o 

Cot “F" TtaJif. Cofc iFi bKI'’’* ^ 


! }« 7 * 79 ! ^ I 

5 cofc ' i a I 


[6*1716 316*53 

6*1111 317475 1 

80c, 1 Cot i 


a> ftiyp, rrc. I Deg, 

a Cot Hoc jP.I Coo.) 

io‘ lo'oo 9'99 

ICO A ^ '5H 4$ 

g 7O067* J451 ♦1549 44 

m 4 I“”!° 4, ' 5*4 4 ! 

>5 ^8049 Jssa ♦ 144* 4a 

2- ^7J93 «$7* * I4»» J9 


37* 7* 37 


78|Deg. 


78D«g. 




82 









|g| Deg. 


Sine I D. 


la 45 343797 

46 344555 'L 

47 3449** 

♦* Ixl 

49 34 «o» 4;,5 

50 546579 » > 

$< J 47 'J 4 jn 
5* 347**7 »” 
S3 34**4° 5,0 
! I* S4 34*79* 

SS 349343 J,, 
5 * 349*93 I, I 
$7 3S«H43 

5* 33099* i,: 

59 35*$40 J,, 
IS o 3S*^» ’ i 
i 35*<3$ ',0 

* 353.*. 

15 3 3537*6 

* 334*7. ’ 

5 354*. 5 Jo, 

6 35535* ^ 

7 35590. jn 

* 35*443 ’I 
9 35*9*4 

■o 3575*4 JL 
II 35*0*4 

>3 .* 35»*®3jg,, 
.4 359*7* iJ, 

'I ’J^*'^i*93 

16 3*075* i„ 
.7 3*.>*7 JJ! 

'* 36.*** :2I 

'» 31*35* 

*0 3****9 mI 

** 3*3954 jn 

u » i 

*» *^7^ 

CiM. I O. I 


nilkig. 


TABLE Y— 8ike». to ISJ Deg. 

\ Coeec. ? Teng. D. j Cot [ 8cc. 'l>J CW 

I JI^ I I |*C7‘0*| I 9'9!i 

I f5<>f 3 j 3S4V I 645360; Lj 9^1? i.i 

,655645 355127 J'' 64477310871;^', 9ii« 14 

655088 355*«3 qL 644187! c9co’;J*!9ico 13 

65453 ‘ 35639* 643601IC919 ;*.j 907 i 

*653976 3569 »» 64301810958 J:|9C4» II 

[ 6534*1 3 $ 7566 | ' J 641434 0986 ‘Jjj 9014 10 

165186635814912, 641851 1015 +*8985 9 

1651313 35873‘jgL 641169 10,^4^^18956 I 

1651760359313.2^1 640687 1073 8917 77 7 

i L « ^ C ^ i 131. « 


6511081 359893 g67 

6eo6c*9 ‘ihctA.’TA.i 


640107 1 102 I 


, 650657 360474; g6b ^395*6 1131 ;*o| 8869 
1650107 361053 2, 638947 1 160 ;Jj.{ 8840 

1649557 361631 63836s 1189 J* 8S11 

(649008 361H0, 63779^ 1118 ‘^^18781 

*648460 361787 2^, 637113 1147 J2^8751 

j6479«» 363364*2^ 636636 ii76 22i«7»4 77 
647365 363940 2co 63606c. 1305 J2I869C < 

1646819 364515 258 ^354*5 * 334 J2|S666 76 j 

I 646274 365090 634910 1364 8636 j 

I 6457*9 365664 2„ 634336 13931:0 *607 < 

645'*5l 366237 2^1 633763 141a J2 857S f 

644642 366810 2J^ 633190 I45i!j2 854* f 

644099 36738* 631618 I4 *‘it 2 !* 5‘9 ^ 

643557 367953,0?, 631047 isiirjjMv f 

643016 3685*4 gL 631476 1 540 iJ2| 8460 f 

64*4761 369094, JXg 6309061570.^2 8430 5 

I 641936, 369663 III 650337 *599 i!' 8401 76 4 


641936, 369663*2^2 
64*397: 370131: ^ 

6408591 370799 lie 


619768 1619 
629ICI 1658 ; 


6403111 37*367 gt; 618633 1688 , ^2 83** 46 

6397851 37*913 '!! 618067 I7igjj .8z8a 45 

( 639*4*1 37*4^ 617501 i748j5 8 j5i 44 

i 6587*3! 37je64 2;, 616936 1777 I , 8113 4! 

1 63^1781 373619 2; 616371 1807 5^18193 41 

637644^374193 jTg 615807 1837,5 81631 4f 
637* »i| 374756, 2|J 615144 1867 11^18133 76 40 

63657*1 3753*9, g,- 614681 1897 Lg! 8*01 39 

636046, 37588ij2|J 6141191927 5 ,8073 If 

6355*5^7644*, 2tl ^*355* *957 8043 37 

6349845 377003! 2" 611997 1987 , L 8013 36 

6344541 377563; III 611437 *0*7 jJg 7983 35 

6339*91 J7f»»* 61.878 1047 IJgl 7953 34 

633396^ I7»68 i 6».ji9 1078 5 7 „ 

63**69- 379*39 IL 610761 1108 ,5 719, 3, 

63*34* 379797 2»| 620103! 2138 J®! 7861 31 

631815 . 3*0354 ^ ^ 619646 ;; 1168 ; 5 ^ 7831 7 B 30 

1 See. i Cot 1>. Tftng. j Coe. ,D.| Sine l”® ^ 


764 Dtg. 




IH P»»g. 

• ' I sine 1 D. 


TABLE V.— Loo. StHBi, rc. 


Bcc. |D.| Co*. 



9 * 

im 30 

368185 

3 * 

368711 

3 * 

369*36 

33 

369761 

34 

370*85 

35 

370808 

36 

371330 

37 

37 ** 5 * 

3 * 

37*373 

*3 39 

37**94 

40 

373414 

4 * 

373933 

4 * 

37445 * 

43 

374970 

44 

3754*7 

45 

376003 

46 

3765*9 

47 

377035 

*3 4 *! 

377549 

49 

37*063 

50 

37*577 

5 * 

379089 

5 * 

379601 

53 

3801 1 3 

54 

3*0614 

55 

3***34 

56 

381643 

*3 57 

381 Ml 

5 * 

381661 

59 

383168 

M 0 

3*3675 


' lii 

. JJ 46 ST {« 

1 C7 

» ijo 

t )»«“■ t]9 
i }M7«H |,( 

[ *17 

• l»770* git 

> Itta.o J1‘ 

‘ J»97ii J” 

1 »«»•« tJi 

> tjo 


6 )iIi 5 j«oj }4 
6 jii «9 jJojio I I 
6 J 0764 }II 46 « ’ 
6 jo *39 I**®*® iJ 
619715 J«»S 75 
619191 j*jii 9 7 J 
61(670 5 ( 36(1 ’ 

Mi^ 384*34 2^0 

617617 3*4786 
617106 385337 g 
616586 3 * 5 * 8 * 2 I 7 

616067 3 * 643 * hi 
6 * 554 * 3 * 69*7 ?,? 
615030 387536 i z 
614513 3 **o «4 hi 
613997 388631 9 ^ 

6134*1 3 * 9 < 7 * ho 
611965 389714 9 ^^ 

6 ** 45 i 390*70 g 
611937 39 o*t 5 
6 ii 4»3 39*360 n 

610911 39 * 903 [oot 
6*0399 39*447 ” 
619887 39 * 9*9 ^ 
6*9376 39353 * Joi 
618866 394073 ^ 
6**357 394614 

617 * 4 * 395 * 54 ^ 8^9 
6*7339 395694 |gl| 
616831 396133 Ih 

:;:uiss;| 

6*4303 39 * 9*9 ij! 
6*3799 S 99455 i||j 
613196 399990 ] 1 ^, 

611793 4005*41 |L 

611191 < 0*0581 jr 

6**790 40159 * 888 
611189 401114 iJ 
610789 4016561 
610189 401187 81 « 
^790 40 | 7 i« 

Sm. Cot “IT 


619646 ii68 
619090 *199 * 
61(534 1x29 > 
617980 1160 ' 
6 * 74*5 »»90 J, 
616871 *3** r, 
616318 135* 
6157661*381 J 
6*5114! 14** 
614663 1443 
614111 1474 
613561 1504 > 

6*3013 *535 J, 
611464 1566 5 
611916 1597 I 

611369 161S j 
610811 *659 
610176 *6^ I* 
609730 * 7 ** _ 
6091*5 * 75 * ll 
608640 17*3 J 

608097 1814 5 * 

^7553 **45 h 
607011 **76 > 
606469 19^ J 
605917 1939 J 
6053*6 *970 
604846 3001 

604306 3033 h 

603767 3064 >1 
603119 3096 >* 
601691 3117 ^ 
601154 3*59 ll 

601617 3191 
601081 3111 
600545 1154 >* 
600010 3186 
599476 33»7 ll 
59*94* 3349 ” 
59*409 33 ** ;; 
597*76 34*3 ll 


99* 

7 * 3 * 30 
7801 19 
777 * ** 
7740 

7710 

7679 *5 
7649 14 
7618 13 . 
7588 76 11 


7310 76 IJ 


7030 76 4 

6^7 * 

6936 I 

69 ^ 7m o 
6*73 59 

6841 5 * 

6 *<^ 57 

6778 56 

6746 75 55 
67*4 54 


s^s;;* m9» 
59*409 33 ** ;; 
597*76 34*3 ” 
597344(3445 jS 
596*13 S477 JJJ 
59618 * 3509 III 
59575* 354* j} 
595111 3573 

Tu^ I wr 


64*7 [ TO 41 

‘SSTi • ' 














IS Deg. ^TABLE V.— Loo. Suna, crc. 1 S| Deg. 


8bie I D. I Cotcc. [ T«ng- | D. | Cot. | See. |D.[ Cog. | 


IS o 4>»99* ,g, 

• 7*4 

» 4I393J ]t. 

3 4'44o* ,g, 

4 4I4«7» III 

. i It, 
6 415^'S ^go 

I 9 

15 9 4i7i'7 
.0 4 > 76 l 4 

i» 41*6' 5 III 
'3 419079 
H 4'9544 

15 4-10OO7 

16 410470 '' 

17 4»«933 ^70 

15 i* 4»M9S 76, 

19 4»<*57 ,65 
10 4»>3<* '67 
i> 4»77» lil 
« 443J3* ;64 
*3 4i3<i97 ^65 
»4 4HM« 

*5 4»4««5 IT ] 
»« 4*5073 761 
15 *7 4*5530 76, 
1* 4»59«7 '60 

JO 4*‘»99 

3- 4*7354 ' 5 

ji 4*7*09 

ji ♦»;*«* 7 « 

34 4**717 ,,, 

35 4*9'7o 
ij 36 4*9**3 


841 57 'W* 
*Ii 57'443 
& 57093* 

*59 ’I®*’* 

n* 5‘9**7 
ill s5*9*5 
m 5‘*4*3 
Igjs »*79*> 

Igi. 5*74*0 
1*5+ 566910 
g” 5**4»o 
1 5^5“ 
*3' 

«30 

»*9 

81I 5^W*7 
g»g J*H30 

*17 5‘*93* 

I16 5‘H37 
Sit 

Sli 

g,: 5*0457 
til 5599*4 

Sit 55947' 
Sio 55*97* 
819 55*4** 

8 ., 557994' 
8 i8 557503 

95701* 

8 6 55^*' 
8,6 55*03*1 
8,5 55554*1 

814 5550531 
8,t 5545*5} 
5540771 


505* „ 4944 
5090 J; 49'0 
5' *4 „ 4*7* 
S' 5* ” 4*4* 
5191 57 .^gog 
jii* *' 4774 
5**0 ” 4740 
5*94 „ 4706 
53** „ 4*7* 

53*3 „ 4*37 
5397 57 4603 
543' 57 4569 
54*5 57 4535 

5500 77 4500 
5534 57 4466 
59** 57 44J1 
5*03 5, 4397 
5*37 |J 43*3 

5*7* ,g 43*» 
5706 4*94 
574' 5g 4159 
577* 5. 41H 
5810 5 ^,,0 
5*45 5? 4' 55 
5**0 5* 4„o 
59 '5 5. 40*5 
5950 5j 4050 

59*5 4015 
*0'9 5* 3981 
*054 5; 394* 
*0*9 !J 39" 
*'*5 1; 3*75 
6160 ^ 3840 
6,95 59 jgoj 
**30 59 3770 
*»*5 ** 3735 



76 Deg. 







87 


15} Deg. 

° ' 1 Sine 


TABLK V.—Loo. Sinks, ct c. 

I Cogec I Tang. | 1>. [ Cot [ Sec. [i).l i 


566325 450m U06 549706 6619 
565*7* 450777 g * 549113 6655 59 
565431 45 h 6 o goi 5' 

564984 451743' (a8iC7 6717 


1548157 6727 . 


564538 45^^15; goj S4777S 6761 
564091 45*706 I 547*94 6798 ^ 
563647 453>«7ij“ S468>3 ««34 t 
563101 45366* * 546331 6870 ^ 

5617s* 454148: S45*S» 

56131445461*;' 545371I6941 

561*71 45S'07j!^g 544*93' ‘97* ^ 
56141*4555*6'®“ 5444147014” 
5609*6 456064' '9' 543936 7050 
cf^CAA CAIAfH 7tlS6 ^ 


560544 456541 ! 
560103 457019 ; 


I 543458 7086 

! 541981 * 7 >** 


559661 457496': S 4 * 504 j 7158 J 


559 *** 457971 / •y:> u / -*0-5 jy 

558781458449'’^ 54 * 55 ‘ 7 * 3 * Ife, *769 7358 

558341458915 54*075 7167 L *733 57 

557904 4594ou| 540600 7304 1696 56 

5574654598751,^0 5401*5 7340,. 1660^^ 55 

557017 46oH 9‘ loo 53965* 7376 u 2614 54 

556590460813!'’ 539*771 74*3 j. *587 55 

556153 4611971 ,g5 538703 7449 6, »55* 5* 

555716 46i77oj'gg 538*30} 7486 1514 51 

555180 4611411 'g 5377581 75*> ^ *477 50 

554845 462714! 'gj 537*86! 7559 *44* 73 49 

55441c 463186!' 536814; 7596 . 1404 48 

553975 463658:'.* 53634*; 7633 , 1367 47 

55354* 464**9! igX 53587*. 7669 1331 46 

553*07 464599,' 'g, 535401I 7706 2194 45 

551674 4650691'' 53493* 7743 a, **57 44 

551241 465539 Igf 534461 7780 ^ I 11*0 43 

5518094660087 * 533991 7817 "*! 1183 42 

55*377 466476 'g 533514 7854 4- **46 4* 

550946 466945 'g^ 533055 789* 4,j»»09 73 40 

550515467413 5325871 7928 - I 1071 39 

550085 467880 531110)7965 *035 38 

$49655 468347 '' 531653! 8001 . i99g 37 

549115 468814 '' 53,, g6 8039 1961 36 

548796 469180 530720 8076 . 1914 35 

548368 469746 776 g„^ 6 ^gg^ 

547940 470111 519789 8151 , 1I49 33 

547511 470676^ 5*95H 8*88 J 1811 31 

547085 471141 llZ 518859 8116 , I 1774 31 

546658 47*605 778 518395 8*63 I *717 y 1 0 
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541027 ! 7195 


998 

338* 15 
3345 *4 
3309 13 
3*73 ** 
3138 n 
3101 10 
3*66 9 
3130 8 
3094 74 7 
3058 6 
3011 5 
1986 4 
*950 3 
* 9*4 » 

1878 * 
184 * 74 ‘ 
*805 59 
*769 73 58 




733 D«s. 


1109 7j 40 
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45}34» -,o 

♦54'94 

4S4«>9 

455044 ' 

4554*9 

455»93 

♦5‘739 'ol 
704 

4575*4 L; 
♦5»«* : 

45»4»7 Ig , 
45**4* Jo 
459»‘* Joo 

♦I***!! ‘W 

♦6ofo* 
*‘°5»7 sjg 
607 

1 mi 

4«4*79 4, 
*90 

*V *90 

♦‘55” n, 

‘*i 

46676. j, 
4«T«73 616 
‘*5 

4*799* 615 

♦‘If ^ 6*4 

♦*»*t7 t4 
♦*9**7 tt \ 


54665* 471*05; 
546231 47to6S; 
545806^4725311 
5653«> 47*995, 
544956 471457 j 
54453*14739*9! 
544107 4743*»i 
5436841 474*4* 
543*6* 475303j 
541838! 4757631 

542416! 476213, 

54 * 994 ; 476683 
54*573 477*4* 
54**5* 477601 
540731 47*059 
540312 47*5*7 
539891 47*975 
539473 47943* 

539054 479**9 
538636 480345 
538118 480801 
537801 4***57 
537384 481711 
536968 481167 
536551 481611 

5)6ij6 4*3075 
S!S7»l 4*35*9 
535306 4 * 39 *» 
S34*9» 4*4435 
51447* 4*4*«7 
534065 4*5359 
533«S», 4*579' 
533*39 4*4»4* 
5lrti7 4***93 
53H'S 4*7*43 
$1*004 4»7$9l 

$3* $93 4**043 
$3'«*3 4**49» 

$30773 4**941 
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i lo- 10‘bi ,•,* I 

,7, ! 5*«39$ ^ 6» ^ 

, 5*793* *30* 6, 

ll , 5»74** *33* 6i 

!!, 5*7005 *375 6? '**5 
!L 5»*$43 *4*3 '5*7 

JL 5**0* 1 *45* 6^ '549 
12 5*5‘*9 »4»* I’ *$>* 
76* 5*5' 5* *5»« 61 '♦7^ 
Jl; 5*4*97 *5*4 *43* 

,6, 5H»37 **oi 6, '399 
5*3777 »*39 l \ >3*. 
,6, 5*33'7 **77 6; ‘3*3 

7‘ 5***5* »7'5 1 ] '**5 

764 5**399 *753 s ] ■H7 

, 6 . 5**94' *79' 6, '*°9 

\\\ 51.4*3 *»t, *3 ..7. 

!‘3 5X.015 (867 ^ ..33 

^6, S»05** *90$ 6^ '°9S 

76. 5*0'" *943 64 ’°57 

;6o 5'9*S5 *9*' ^ '0'9 

„o 5'9'99 90'? 2 o,*i 

759 51*1**1,096 ^o<»o4 

!„ 5 '7*33 9' 34 ^ 0*66 

il ' 517379 9'73 6* °‘»7 
III 5'*9*5 9*" ‘'7*9 

J55 $'*4719*50^0750 

7t« 5'*o'» 9*** 6. °7'* 

5' 55*5; 93*7 ^ 0671 
$'5"3: 93*5 61 ®*35 
514*6.1,404 j* 05,6 
7M 5 '4*09 944* 67 055* 
”, 5'37$* 94*' 05., 

5'J307 9S»o 0480 


JL 5'*»57i 955* 0441 

$'* 407:9597 6l ®403 
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<IIOCO 0714 01S6 


IJ 47»»7> 
«♦ 47*675 
15 471016 
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If .5 ^2 ct 6 j . 

>4 7*49* s', 
.7 7»»9* m 
'» 7J3C4 6,6 
•9 737>o 
“ 74' »S 6,1 
*' 

« 749*3 6,; 
*3 753*7 sjl 
'7 *4 75730 6,. 
*5 7*'33 6,, 
i6 76536 

*7 7493* 669 
»* 77340 669 
*9 7774' 668 
30 7»'4» 667 
3' 7*54* 667 
3* 7*94* 666 
'7 33 7934* 665 

39 7974. 66 
35 »°'M 661 

34 *0539 66; 

37 *“937 66 

3* *'33+ 66l 

39 *'73' 66, 

40 *>■»* 66, 

♦' **5*5 660 
17 4* **9*' 6co 

43 »33'4 

+♦ !37'* 658 
45 *4'07 si, 

44 *450. Ill 
47 *4*95 6,6 

♦* *3ii!’i4 ‘j 
♦9 *5***1 6 : 
50 *4075 sill 
17 5' *44*7 6<, 

5* »«*“ 65 

53 *7*5' 6« 

54 *7443 si, 

55 **''34 If , 

«So 
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1^4 49«>7J ... 1 

17508 49»5*9 50748«|»oo»7 : 


17914 49107J $079171 199K8 i 

17508 49»5*9 ifll 50748«|»oo27 ® 5| 
17101 49*965 507035 acx )66 ” 5 | 

16696 493410 'Y 506590 *0105 
1619c 493854 'I 506146 10145 ft J 

15885 494199 505701 10184 I 

15481 494743 1505*57 *0114 ftft 

15077 495186 ^^^ 504814 10163 
14673 495630 S04370 10303 

14170 496073 15039*7 » 034 i J 

13867 4965*5 5034*5 *03** ftft! 

13464 496975 '^^1503043 10411 ..j 
13062 497399 I C01601 101.61 


11159 49^**** * 5017**1 *054* ftfti : 
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11058 499603 ' 50039-; 2o6r3o : 


79697 72 37 
79658 36 
79618 35 
79579 34 


0658 5C0042 1499958- 207CC 

0259 500481^^^ : 499519 20740 

986c 500910! ; 49908c 20780 A 

rt tf%i , s nlA J I n ! ' 


19461 501359 49*641 *0*20 

9063 501797 ; 49**03! *0860 

18666 50*135 'j. 5497765I 109C0 A \ 
8269 501671 *0941 ft,i 

7872 503109 :^g 496*9' *09*1 ftl 

7475 503546 1496454 *1021 

7079 503981 1496018 21061 - 

6684! 5044** ,16^,^955** *»>01 r 

6288 504*54 495*46 1114* ft, 

5893 505**9 ' Ji4947»» *«i*3 ft, 

5499 5057*4 1494*76 21123 

5*05 506159 493841 21264 

4711 506593 ; ♦1493407 **304 ftg 

4318 507027 49*9731 **345 ftg 

3915 50746c 149*540 113*5 ftg 

3533 507*93 ,,,‘49*^07 **4*6 ftg 

3140 5083*6 ' I 491674 11467 iftg 

*749 50*759 «o!^**^* *’507 ftg 

*357 509*9* 7,, 490*09 1154* ft, 


11966 509612 ','* 49037 * a * 5*9 ftg 

11576 510 C 54 4*9946 11630 ftg 

111 S 6 5104*5 7,1 4 * 95*5 ** 67 * fti 

10796 5 » 09 *f 7,7 4 * 90*4 »» 7 ** ftg 

10407 5**345 7 ,ft' 4 ** 654 ^ 11753 61 
1001 * 511776 ^ ' 481224 * 1794 ) j 
Col IxlTiiiir. Cofc flT' 


79340 7* ** 
793C0 IT 

79260 16 

79220 *5 

79180 14 

79140 23 

79i<o 12 

79059 21 

79019 2C 

78979 71 19 

7*939 »* 

78898 17 

78858 16 

78817 15 

7*777 *4 

7*736 13 

78696 12 

7*655 *» 

78615 71 ic 

7*574 9 

7*533 » 

7*493 7 

7845* 6 

7*4* * 5 

7*370 4 

7*3*9 3 

781I* 1 

7**47 * 

78106 70 c 

itoe ^ 




21 I ?: I 

• o 4899giL . Isiooig 511776 

I 49C»37»! 5% ‘ 5<^96i9 5*x2o6j 

» 49«>759 6T, ' 5®9H* 5‘»6j5'' 

3 49 ** 47 ! 6 !i i 508^*53 513^64 

4 49‘ 535;6:6i S ^ H^S 5 » 3493 

5 49»9»»LIci 5»39** 

6 49»10« Uli- 5^7691 5*4349 

7 49*695 6^1 5<^7305 5*4777, 
* 49 301* * 64]! 506919 5i5»04j 

t $ 9 493466* j 506534 515631! 


10* 1001, 9*97 

7,6 +^*4 ' 79 + xo *»o 6 

7,6 4*7794 '*35 fg *'*5 

5 , 4*736$ '*76 ” »IH 

l\[ 4*6936 > 9>7 ^ * 0*3 


lit 4^6507 1958 ^ 804a 
7 ,t 4*6079 '999 * 00 ' 
7 ,: 4*5651 1041 ’ 7959 

7 '« !??! ^ ! 2 !! 


»® 493«5' Jji 506149 5*6057; 

11 494*36 5:, 505764 5‘64«4‘ 

la 494621 505379 5*6910! 

*3 495005 6!oh^**995 5*7335; 

*4 4953*« ! 50461a 5*7761 

*5 49577* 504*»« 5*»‘*S 

16 496154 5,1 ' 503846 518610 

*7 496537 637! 503463 5*9034 

18 18 4969*9 I 503081 519458. 

*9 497301 50Z699 51988a 

10 49768a 502318 520305! 


»' ♦9*“‘4 6 5 


5023181 $20305! 
501936 520728 ! 


aa 498444 6 i 1 p°* 556| 5*»»5*| 
13 498815 6tl 5»»573' 

*4 499*04 500796; 5**995! 

*5 499584 500416; 5124171 

a6 499963 50CC37; 5*28381 

18 27 50034a ^ 499658I 5*3*59' 

*8 5007* * 611 '499*791 5*3680: 
*9 501099 ^'14989011 524100- 
30 501476 ! 498524' 5*45*0! 

3* 50*854 62 q 1^^*^‘‘^^ 5H939) 

32 502231 I 497769 5*5359 

33 50*607 6 il I 497393 5 * 5778 , 

34 50*984 A -1497016; 526197I 

$5 503360 496640 $26615 

»8 36 503735 496*65! 5*7033! 

37 504110 . 495890 5*745*1 

38 504485 . J 4955*5 5*7861 

39 504*60 5 495140! 52828$ 

40 505*34 4^ 494766! 5»8702| 


40 505*34 4^ 494766! 5*8702 

41 505608 ^ 4 49439a. 319,19 

^ 50598* 4940*9. 5*9535: 


^ 612 494019; 5»9535 

43 506354 4.- 49364655*9950 

44 5067*714., 493*73; 530366 

♦5 50TO99 1 49*90^ ! 530781 

1 cW l“5r s^rcot 


[71* ^*^796 *1*3 ^ 7877 

i ♦*+36, t.65 7g35 

: i,o 4*3943 *»o‘ A 7794 

\ l,o 4*35"> «4» 775* 

i7o« 4*3090 »**9 77" 

; ? 482239 2372 y 7628 

4'4 ^ 75 « 

707 4*' 390 H5‘ ^ 7544 
706 ♦*“!'** *+97 7^ 7503 
706 4*0541 »539 „ 746' 
L, 4«0"g >5*' ’°I74'9 
70 479<'95 *6»3 7°| 7377 

70I 479=71 *6*5 7 I 7335 
7ot ♦7**49 1707 7°1 7193 

: 703 47*417 1749 !° 71$' 

I 703 47*005 1791 70 7,09 
\ lo \ +775*5 1*33 7° 7167 
170, 477'+i 1*75 7° 711$ 
I 70, 47674' »9'7 70*3 

; 701 476310 *959 704' 

i 700 ♦759« 5“' 'o t?” 
" 600 4754*0 3043 7 6957 
; 475061 3og6 70 6,,^ 

:^g 474*4'. 3'1* ’ 6g7l 

I 6 i«! 47+111 3 ' 7 o 7 6 g 30 

1^71471*03. 31*3 ’ 6797 
;47l+7«*5i 3»55 2, *745 

; 6,6 j 47*9671 319* 67« 

1^6 ♦7‘549 3340 • 6M0 

^5 47i'3i 33*3 66*7 

603 47'7'5 3416 7 6574 

47119* 346* 7 6sj» 

,jj^ 470»*. 35" 7 64I9 

: 470+65 355+ 7 6444 


72 Dag. 


2 , 4700501 35^ j 7 6404 
2| 469*3413639 ! 636' 

*9 4 ^,if! 36 g 3 | 7 ' agii 
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21 121 21 J 2 " 122 ? j 9 * 9 "^ 

507099 . 49»90»( 53078' 5.. . ejTi 

5°747' 49»5»9;53"9^ 6^ 4&8Sc4 37*5 ^*75 

507843 49*'S7jS3‘6ii 468389 3768 61 ji 

6*0 49*786j 53*025 ^’1467975 38" Ij* 6ig9 


5°*5«5 6,g 49 »4‘ 5 53*439 6gol-»^7S6» 3854 L, 6146 
6,8 49»o44i 53*853 6goi46?‘47 3897 !* 6103 
5^^^^ 617 4906741 533*66 466734 39-10 6060 

509696 6,6 490304 533679 688 466321 39^3 7* 6017 

5*0065 489935 53409* 687 465908 4026 

5*0434 6 ,r 4895661534504 687 465496 4070 5930 

5*0803 ^ i 489*97 5349*6 686 +^5084 4113 ' 5887 

5***7* 6,4 488828 5353*8 686 464671; 4' 56 I* 5844 

5**540 6,t 488460 535739 464261.4100 5800 

5*1907 ^3 488093,536150 6X5 ,463850; 4143 5757 

5'**75 6,, 4877*51 53656' 6S4 463+39; 4*86 I 5714 

5**^4* 612 4*7358153697* 68l 463018 4330 5670 

5*3009 6,, 486991153738* 6811 ■^^^^“‘^ 437 3 II 5617 
5*3375 6,, 4866251 537792Lg^ 461208,4417 ^3 
5*374* 6,0 ^!^?5y; 558102! 68 j 461798' 4+61 ' 5 539 

600 ♦!5®93i 5386111 68 j 46*389145041,’; 5496 
6og 4855*8 53902cLg, 460980, 4548 j'J 5452 
5*4837608 485*63,539419 681 46057'! 459*1,, I 5408 
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5*5930 607 4840701540653 6-0 459347,47*3 1, 51/7 
5‘!?^i6o6 483706.541061 458939; 4767 5*33 

5*^^571605 483H3, 54*468 45853*j48** $*89 
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5‘*46Sj^> 481532! 543499!^' 45650115031 :] 4969 
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1 48 ** 7 * 543905 6751456095 5075 4915 
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5*0990! J” 14790*0; 54633* 671 453669 5341 ;’U659 
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5 ** 707 ! 47 ** 93 : 547*38671 45**62 5430 iji 4570 

522066 II 4779341 54754c' y 451460 5475 ;2i45*5 

596 477576^547943 670 45*057 55*9 ;:!44*« 

5**7** lU 477**9; 54*345 670 ^5*655 5564 ,* 4436 
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i6 

*7 

i8 

*9 

10 

11 

11 

13 

10 14 

»5 

16 

*7 

18 

19 
30 
3 * 
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10 33 

34 

35 

36 

37 

38 

39 

4 ^ 
4 * 
10 4a 

43 

44 

45 i 

46 

47 i 

49 

10 51 

Si 

54 

! 55 

i 56 

57 

5 * 

IS 

il 

539113 

539565 

539907 

540149 

540590 

540931 

541171 

541613 

54*953 

541193 

541631 

54 * 97 * 

543310 

543649 

543987 

5443*5 

544663 

545000 

545338 

545674 

546011 

546347 

546683 

547019 

547354 

547689 

548014 

! 54*359 
! 548693 

; 5490*7 

I 549360 
549693: 

1 550016 

550159 

550*91 

551014. 

55 ' 15 * 

5516*7 

551018 

55*349 

551680 

55 JOIO 

55334 * 

553670 

554000 

5543 * 9 ) 

570 

570 

569 

569 

568 

568 

567 

567 

566 

566 

565 

565 

564 

564 

563 

563 

561 

562 

561 

561 

560 

560 

559 

559 

558 

558 

557 i 

557 I 

1 556 
! 5561 
555 i 
1555 

I554 
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553 
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55 * 

jS 5 * 

55 * 

| 55 * 

[ 55 * 

550 

[550 

1549 
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460777 

46043s 

460093 

45975 * 

459410 

459069 

458728 

458387 

458047 

457707 

457368 

457019 

456690 

45635* 

456013 

455675 

455337 

455000 

454661 

4543*6 

453989 

453653 

4533*7 

45*98* 

451646 

45 * 3 *» 

451976 

4516411 

[45*307 

450973 

45064c 
! 450307 

449974 

44964* 

449308 

448976 

448644 

4483*3 

4479 ** 

44765* 

4473*0 

446990 

446659 

446330 

446000 

445671 

2L 

566931 

567310 

567709 

568^8 

568486 

568873 

569161 

569648 

570035 

570411 

570809 

57**95 

57158* 

57*967 

57 * 35 * 

57*738 

573**3 

573507 

573891 

574*76 

574660 

575044 

5754*7 

57581c 

576 i 93 i 

576576; 

576958! 

57734 '; 

5777 * 3 } 

578104; 

5784*6, 

578867! 

579 H 8 > 
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580009! 

5 * 03 * 9 , 

5*0769; 

5 * " 49 . 
5 *' 5 *»j 
5*1907! 
5*11*4, 
5*1445! 
5 *J 04 J: 
1 5 *J 4**1 

! 5lj*oo 
5 * 4 » 77 i 

648 

648 

647 

647 

646 

646 

645 

645 

645 

644 

644 

643 

643 

641 

641 

641 

641 

641 

640 

640 

639 

639 

639 

638 

638 

637 

637 

636 

636 

636 

635 

635 

634 

634 

634 

633 

633 

63* 

631 

631 

631 

Js 

630 

619 

10* 

433068 

431680 

431191 

431901 

43 * 5*4 

431*17 

430739 

430351 

4*9965 

4*9578 

4 * 9 * 9 * 

418805 

418419 

418033 

417648 

41716a 

416877 

416493 

416108 

4 * 57*4 

4*5340 

4*4956 

4*4573 

414190; 

413807 

4 * 34*4 

413041 

' 4**659 

4***77 

411896 
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4»»*33 

4*075* 

4*037* 

4 * 999 * 
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4*9131 

4*885. 

4*8471 

418093 

4 * 77*4 

4*7335 

4*6957 

416578 

416100 
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10 oa 

7709 

7755 

7801 

7849 

7895 

794 * 

7989 

8036 

8083 

8130 

8*77 

8114 

8 * 7 * 

8318 

*l 4 s 

* 41 * 

8460 

8507 

8554 

8601 

8649 

8697 

*744 

879* 

8*39 1 

8K87 

*934 

8981 

9030 

9078 

9116 

9*73 

9111 

9169 

93*7 

9365 

94*4 

9462 

95*0 

955 * 

9606 

9655 

9703 

975 * 

9800 

9848 

1 

78 

78 

78 

78 

78 

7 * 

78 

78 

78 

78 

78 

78 

79 
79 
79 
79 
79 
79 

7 » 

79 

79 

79 

79 

79 

79 

79 

80 

8o 

80 
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Soi 
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\io 

80 
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80 

80 

80 

80 

80 

81 
81 
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li 

997 
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II9I 
1151 
1105 
1058 
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1964 
1917 
1870 
till 
1776 
1719 
1681 

‘63s 

* 5*8 
1540 
*493 
1446 
• 398 
* 35 » 

*303 

1156 
f 108 
1161 
lilt 

1066 

toi8 
0970 I 
0911 1 
0874: 
0817 i 

0779 
073* i 

0683 

0*35 

0586 

0538 

0490 

044* 

0194 

034$ 

0197 

0149 

0100 

Oi$% 

45 

44 

43 

41 

4 * 

4 c 

39 

, 5 ' 

69 37 
36 

35 

14 

33 

3 * 

3 * 

30 

19 

69 18 

*7 

16 

*5 

*4 

*3 

11 

11 

10 
69 *9 
18 

*7 

16 

*5 

*4 

*3 

12 

> * 1 
69 *o| 

1 

7 

6 

5 

4 

3 

1 

1 

•• 0 

■ 1 

rssr 

D. 

1 See. 

CoL 1 a 1 

Tang. 1 Coe. m 

Bine 

4 ■' * 


e^jPog. 



Deg. 

^ Bine 
_ 

ax o 54ja9 

* 5465* 5 

a 549*7 ; 

3 553»5 

4 55^3 

5 5597* 

6 56»99 

7 56616 j 

« 56953 ] 

IS 9 57**0 

10 57606 J 

*» 5793a 

11 58158 

*3 5*5*3 
14 58709 

>5 59^34 

16 59558 

17 59883 ^ 
It 18 60107 

19 60531 

10 60855 

11 61178 
11 61501 

13 61814 

14 61146 
tc 61468 
16 61790 

11 17 63111 
a* 63433 

a9 63755 

30 64075; 

31 64396 
31 64716; 
33 65036; 
54 65356 
35 65676! 

11 36 65995 

37 66314 

38 66631! 

39 669511 

40 67169; 
4* 67587I 

41 679041 

43 6S111 

44 6«539 
45 68856 

Co*. 


TABLE V.-Loo. Siym, rrc« gif Deg. 

1). |CWc.| Tang. ) D. | Cot I 8ec. |D.| Coa. j 


45671 5 * 4*77 5-0 4 ' 5**3 * 9 * 4 * 
4534 a 5*4555 6 -' 4*5445 * 9*97 
45013 5 * 493 * 15,2 4 * 5 <i 68 29945 
44685 5 * 53 ^ 9 ! 5 ,g 4 * 469 * *9994 
44357 5 * 5686 |, 4 * 43*4 3«>043 

44 C 19 586062 , ' 4 * 393 * 30091 

43701 5*6439! 5,:; 4*356* 30*40 : 
43374 586815: 4*3‘*5 30*89 1 

43047 5*7*90 sz6 4****o 30*3* ; 

417*0 5*7566 g 4**434 3oa86 
4*394 5*794* 5,: 4**059 30335 1 
j 42c6ii 588316 411684 30384 

41742 588691 ^*5 4,1309 30433 
41417 589066 4*0934 304** 

41091 589440 410560 30531 

40766 589814 , a 4,0186 30580 : 
40442 590188 409811 30630 : 

40117 59056a 409438 30679 : 

39793 590935 6-, 409065 30728 
39469 591308 . 408691 30777 

39*45 59*68* 5 40*3*9 30*17 

38812 592054 407946 30*76 

3*499 59*4*6 ^ 407574 309*5 

38176 592798 , 407102 30975! 

37*54 593*7* 406829 31024! 

il753* 59354* 5,^ 40645* 3*074! 

; 37210 593914 406086 31113 

I 36888 594185 4057*5 3**73 I 

36567 594656 gjg 495344 3***3 > 
36HS 5950*7 5,- 404973! 3**7* * 
359*5 59539* 404601131311) 

35604 595768^^,; I 4041111 313711 
35**4 596»3*L,5 403*6a| 3141a ! 
34964 5965081^,^ 403492: 3147a j 
34644] 596*7*1 403***! 3*5** 

343*4 597*47! 6,5 40*753! 3*57* } 

14005 597616 ^ 40*1*4! 3*6*1 I 

33686 597985 g > 401015 31671 

33368 598354 , * 401646; 31711 

33049 59*7** 61I 40**7*, 3*77* 

1*73* 59909* 6,? 4009091 31811 

3H»3 599459! 611 3**7* 

3*096 599**7U,J 400173' 3191a 


3*096 599**7U,; 400173' 3191a 
31778 6ooi94U,f 399*06 3*973 
31461 600561 ^ 39943*13*0*3 

31144600919! 39907*' 3*073 

nsr| Cot Tmg. i tw 



























aais 595JM -90 ^3«5 J3309«, 580 L-' 3>'7 

16 596^ tS 40339* 533447 Lo 3»6 j 

17 S9^3 1*9 403^7 533795 356105 5**9J 3>oll 

*« 597*9612 401*04 534*41 355*57 6946 ^!^ I 3054 

*9 597490 6 <>» 5 *o 534490 III 3555*0 7001 9 , ,999 

ao 5977*3 ^83 40 ia *7 534 * 3 * 355*61 705s ',( i 945 

a* 59*075 13 , 40 > 9*5 635**5 364 ** 5 7 * »o 9 | 2890 

aa 59*36*^3! 401632635531 57 * 364468 716419 ,2X36 

13 59*660 401340635879 I'g 36+121! 71*9 jy,ji"** 

*3 a4 59*951-36 401048 636216 ' 363774’ 7i73 |«, I *727 

as 599*44 136 400756636572 563428! 7318 9 < 2672 

a6 599536155 40C464 636919 5 - j 63 o 8 i! 73 « 3 ;’ |i 6*7 

*7 599**7 U; 400173I637265I 362:351 743* j'.i 1562 

28 600118 IgJ 399***! **37611 362389' 749a ?,{ 150* 

29 600409 2#: 39959* 637956! ’'5 362044 7547 j 245 J 

30 600700 39930c 63830a; I', j 36.6981 7602 ' ! 2398 

- f 399010 638647 ! i 1612 C 1 ! 76 c*? 


31 6C0990 iJl 399010 638647 361353! 7657 

32 6oii»o ^ 398720 638992! M 36 ic'i»8: 7712 | 9^ 

*3 33 601570 .g. 39*430 639337I I 3606631 7767 : 


*3 33 601570 .g* 39*430 639337 i 3606631 7767 223 

34 601*60 IgJ 39**40 639682 „:} 360318; 7822 11: 

3$ 60115c V 397*50 640027 1 3599731 7*77 213 

36 601439 I31 397561 640371 J'T I 3596291 7931 oil 

37 602718 U 39717a 640716 J': I 359»*4| 79** ^Jioi 

38 603017 7g- 3969*3 641060 J'f 135*94018043 ^ j 191 

39 603305 1; 396695 641404 C7? 35*596 *098 II 19^ 

40 *03594 tfc 39*404 6417+7 35»>53 »15+ iS^ 

411603*81 Jg^ 396118J642091 ^', 357909 *109 92 *75 

13 41 1 604170! 395*30 641434 ' i 357566; 8265 171 

43 ! 604457 IJ? 395543* 642777 ! 3572131 *320 I i6« 

44 ; 604745 l!g 395155 643120 57 ^ ^^633cl 9* ,5, 

45 605032 15? 394968 643463 3565371*43* ‘5^ 

46 605319, l!g 3946*1 64^806: ^ 356194; 8487 151 

47 6o56c6il.g I 394194 6441481 355852185421^1 14.! 

48 60519212^ 394 »c8; 644490; 3 5 55 JO 859* *4C 

49 606179 < S93*i»! 644*31; Ijo \ 355*68 8654 ’3 ,3^ 

50 606465 1^1393535; 645*74 5^ i 154*16 87ioi9^|i2s 

*3 193»49 645|i 4 35+4«+ «74s | J i»1 

5» ! 6 o 70J« JL 39*94+; 445*57 i 35+U5 »«*i "i 1 1? 

53 ‘«73*» V ,. M'W 5^ : ’SJ*?! *‘77 

54 *07*071*;* 39*393 4**5+ci * J 353+«o *933 loi! '“4 

55 *07*91 ♦;* J9*ic* *4***1 i J4J<35I'*9 •9*9 0 ‘o* 


5$ *07*9* 9; > 39*10* 64***11 355119 *9*9 9;i 1011 5 

5* : *0*177, 39>»*3 447»**!;4j|3S*77* 90+5 kJ '0955 ♦ 

57 *0*4*1 2;? 39'539 4475**: Js, i 35*+ll 9*0' £: “‘99 3 

5* 4o*74S ♦;♦ 19'*S5: 447905, rfri 5**®97i 9*57 0 “‘+1 * 

C9;*09ex9 9;* 390971! *4**43! J*; , 35*757! 9»'+ 0 07*6 * 

•Oi6o^l»3P ^ 590687 64^5*3- i 35*4*719170 ^ <^710 i •« o 

I Co- I lo. I I Cot i a . TMiit. ; Co* ,1). Woe ^ 


Ml Dm. «H»D*g 





08 







Ui T able V.-Ajoa^ »ra 

! %Uim ! 1). J COWJC. j Tanif s li. : Coi . j ii 


1 I 

M 4 S 6ait«i . : 

46 5»»«35;^6 : 

4» ^»6«» i 3 
49 621956 655 , 

SC ^ 3 ai 9 III . : 
51 623502 I 3 

53 624047 III I 1 

*4 54 6243.9 ^53 :1 

55 62459. Jrji ■ 

56 624*63 , 

57 625135 Hi ] 

5* 625^6 65 ^ 

59 625677 H 1 

U o 6 i 594« TJ;M 

1 616219 2:, 1 3 

2 62649c 3 

»5 3 ] 

4 617050 ♦' 1 

5 ‘* 73 ‘«il<o '3 

7 627*40 222 j 1 
I 62*109 669 , - 

» 6 i», 7 i 21 '^ 

10 61S647 2;* ; 3 

11 62*9.6 : 

*5 «» ^ 9 «»S ^7 ■ 
'3 6*9453 !t; ; 
14 6 i 97 *>jj;^ 3 

‘I ^’”'446 • 

16 6301571 TTj 3 
>7!‘305*+;tiJ 3 
ii i 630791: jr M 

to 6 jiji6!^>i; 

*$ *■ ‘ 3 ' 593 ;_ 3 
“ ‘ 3 ** 59 ;i 2 3 
»3 ‘ 3 * 1 * 5 ! illil 
*4 ‘ 3 * 19 * ^13 

■ *1 ^****441*' 

16 6319ij:W|; 

»* ‘33454^ Jr 3 
*9 ‘337191 JTh 
J® ‘339*4,^ i 3 


37*139; 663707 

377S65 664039 
377591 664371! 
3771*6 664703! 
377044 665035' 
376771 6651661 
37649* 665697; 
376226 666029; 
375953 666360' 

375681 666691 
375409 667021! 
375137 667352 
37^65 6676*2; 

374594 668C13 
374323 66*343 
374052 668672 
373781 669002 
373510 669332 
373240 669661, 
37x970 6699911 
372700 670320 
372430 670649 
372160 670977; 
371891 671306, 
371622 671634; 
371353 671963 
3710*4 671291 
370815 672619' 
370547 671947, 
370279 673274 
370011 673602: 
369743 673929 
369476 674257 
369208 6745*4 
368941 674910 
368674 675237^ 

368407 675564; 
368141 675890 
367875 676216, 
367608 676543 
1^714* 

367077; 677194 
36681s 677520I 
366546; 677846 
366281; 678171; 
366016! 678496! 


I io* I io'04 

536^93! TmI 
33596. i « 9 « 4 i 
Hi i33S6a9i ‘V** ] 
J”! 335 a 97 *021 ; 

334965 ao 79 | 

134634 **37 

J:. 334303 **96 

IL 33397. »*54 
ll ^ 333640 *3*3 
1333*^9 *37* 
ll . 33*979 *430 
\\\ 33*64* *489 

33 * 3 «« * 54 » 
33 * 9*7 *607 
33*657 *665 
33 * 3 ** * 7*4 
33 ^ 9 * * 7*3 

5J9 33066* 2842 

5.. 330319 * 90 . 
m 330009 2960 
cl* 3*96*0 3019! 

3*935. 3079! 
JTg 3*90*3 3 » 3 * 
3**694 3*971 
567 5*8366 3256 

J:; 3**037 33*6 I 
1*7709 3375 1 
5-6 3 * 73 *. 3434! 
H6 3*7053 3494 
3*67*6 3553 ! 

>2 316071 3673; 

III 3*5741 373 * 
1 * 54.6 3792 
32509c 3852 
^ IH763 39 * > 

3*6436 397* : 
^ 324110 4031 j 
JT: 3*37*4 409* J 
3*3457 4»5« : 
3*3*3* ♦**»() 

^3 j„jo6 4171 
}** 4 *o 433 * i, 
':,} 3*»*54 439 * ii 
*^1311829 4452! 
^1321504 45 ** 


97 *‘36 

97 gc96 

t *<^3* 
;; 7979 

07 79** 

ll 7*63 
li 7*04 
li 7746 
1; 76*7 


9« 7V 

Is 745^ 
08 7395 
98 7335 
98 7 » 7 < 
98 7**7 

98 7 * 5 ^ 

9« 709V 

9* IT 

9» 1’*' 
«« 691. 

!o 6»‘* 

^ 660 
“M 

V6 

99 6 ^ 4 ; 

” 6ji 

^ 6 X 

w tloi 
6“'* 
“ 6141 


’“I f »49 

ICO I y 

100 37*9 

100^ 5669 





d«k - 

■ aina I D. 

~ £li I 

I *”2* 4*7 

* *^’*1 4*4 
9 i '♦47>9! ii< 

• ♦7w,;4 
ij 47749 ;4 
■4 4*0041.^ 
‘<!4;*5»i^ 

^ **'‘*'in 

■ 4 * 7 * 4 , *{ 
149*741 *4 

I' 497»<4„ 
1 * S--‘-'344„ 

1 5 5^28 j 

14 5053V; 

5079^;,, 

I9i 5>*«,T,, 

11 , 5**044 
4 1 530574 ,, 

15 15330*; t ; 

l4! 5355*4 : 

17,53*0*;!;; 

1* ' 54059!,; 

1’ 545094 , « 

1'| 5455*,J;J 

>' : 54*0*1 J 
i* 5505 *!;., 
'3 , 55307;,, 

(4 55554;!,, 
15 j 55*05!!,! 
|4 ! 5*054 !,| 
[7 , 54301 ♦ ♦ 
(*154S5>;!! 
!9 i 54799 , *,! 
57047 , ♦'* 

‘cW b. 


lot 


TAB LE V .— w«, 

Ckiitek } Tiuiff. t). J ^ 

j lo-j j i 

!54a94i 692975 307015147*6- 

|5403«) 693191 306707; 4733 

537*»i6936«i {3o63*«i 473!^ 

!535»6| 69393c 306070,4745 

(53J7.|6^H* 53^ 30575*1 475 •! 
.5301636^566 !j05434j47S>* 

I5176J694»»3 5*9 1305, .rj 4764. 
152506 695101 J ' i |04799 47Tt 
|5iiSi| 695518 j3C44»*j4776 

[519961 695836! !304'64j 47*3 

151741 6961 53 \ l !3C'3B47i 475*9 
i5i4«8 696470 J JJ ;3‘'353<^j 4795 
51134,696:8:1 ^Ji303a»3i4jo2, 
150980' 697103; J « !3C289*j 480S 
50716; 697410; J -3015X0 4«U' 
50473, 697736; J ; 1301164; 4j»t'' 
50119! 698053 2 ^ :30i947j4»a7: 
49966, 698569 5^7 301631,4833 

49713; 698685 . 301315; 4839' 

49461; 699C01; I . ICC 99 % ^**46 
,49208! 699316 ^ ^ 1500684 4852- 
<48956! 699632! ' r 300368; 4^5*’ 
48703! 699947! 3CC053 4865 

48451! 700^63' J X99:37i 4j7». 
48200,700578 J J 299422 4877 

47948 700893 J 2 X99»c7 4^1^4 

47696,701208 2,^ !a98792 4890, 




^j! 303 « 47 ! 47^94 
;*«; 3 ‘' 3530 i 47957 

III *1^^} ! 

5 ; -3025X0 4J146, 
^ ; 1301164! 4«»<^9 

c,;‘’ 3 C>* 947 | 4 «a 7 a! 

J,^;3«>«63i, 48335 i 

c,6 ^^'^*5»<:4839* ; 
4,6 3 ^-^ 999,48461 
5 J”t 50 c 684 48514 
300368; 48588 ; 
^^ 300053 48651 i 
^997371 487*4 
^ 299422 48778 ! 
5!5 299 IC 7 48841 ! 

2 , 41 ^ 9879 * 489^41 

298477.489681 

;*4 4r^3x . 

297848 , 49 *^ 95 ! 
;il a 97534 49 * 59 ; 
J*;; 2972 ici 49 aaa| 
>96905 49*86 I 
129659*: 49350 i 
II 296277 494*4 
522 .* 95964 ! 49478 
;a 9565 oi 49541 1 
1*95 3 37 49606; 
295021 496701 
5 “ , 2947*0 49734 ! 
lit i»943?7l 49798 I 
>94084 49861 

'4, >91772, 499»6 | 
1*9 3459 49990 I 
J* * 93*46 50055 
*** !i 9 i 834 . 50**9 
‘in T»i»*r. l' Co*. I 


91 

5^8? 

5 H *9 

.4 ”*’■ ' 

51168 
»^5 2106 

2043 
5.9*0 
> 5*9*7 

• ol 

lllli 

'°5 51663 < 
*05! 

1 $*602 

I05 5*^59 

cc 

06* 5*349 
51286 
5122a 

Ic6 ^“^9 

50768 

I06* 5^905 

Ji 5084* 

50521 < 

.07' 

107! ^^^94 
'I 50330 

50102 

“>7| \^w 

4W45 

!!!!!•♦’’*' I * 
i>. I Hii«r 1 ■ 


fi»f Dag. 




10 ^ 





























104 


S 84 Deg. TABLE V.— Loa vtc. Deg. 


Sin* 1 1>. 1 

Coaoe. 1 IVuig. 

1 1>. j Cot 

|»ec. 1 

1 D. : Co*. 1 


67$66 s 

31 678*95 ; 

32 679128 • 

33 67956c ^ 
34. 679592 ; 

35 ^ 9<»4 ■ 

36 680056 ; 

37 i 680288 ; 

38 I 680519 ; 
2* 39 680750 ] 

40 680982 ; 

41 681213 1 

42 681443 : 

43 681674 ■ 

44 681905 ^ 

45 682135 ^ 

46 682365 \ 

47 682595 ^ 
i8 48 [ 682825 - 

49 683^55 ; 

50 683284 : 

51 683514 i 

5 »! 6*3743 ; 

53 683972 : 

54 684201 : 

55 68443c ; 

56 684658 ; 

28 57 684887 ; 

5* 1685115 ^ 

59 f 6853431 

ftd Oj 685571, ; 

I ! 685*^99! 

a t 686027 ; 

3 I 68625^* 

4 I 686482 ; 

5 686709! ; 

29 6 686936I ^ 
7 687163! ■ 
* : 
9 687616; 

»o 687843 

II kiussj 
• 3 ! 4 *» 5 »« 1 ; 

14 6iS747i ; 

15 68S972; * 


Bi* Deg. 



3**317 734764 to, 1*65236 6101 
321105 735066 1*64934 6170 

320872I 735367 ' (*64633 6239 

320640! 735668 J 1*64332 6307 
320408 735969 loi ^3^ 

310176 736169 > 263731 6445 

3*9944 736570 Jo, a6H3c 6514 
119712 736871 J 263129 6583 
319481 737*7* jco ^5* 

319250I 737471 „oM* 5*9 67*1 

319018 73777* 6790 

318787 73*07* ;co‘^^*^9 6859 
318557 738371 > 261629 6918 

318326 738671 I *61329 6997 
318095 738971 261029 7066 

3*7*651739271 260729 7136 

3*7635 719570 Ti: *60430 7203 
317405 739*70 IZl *60130 7274 
3*7175 740169 

3*6945! 74046* 

316716 740767 
316486! 741066 
316257; 74*365 
316028 741664 
3*5799 74*96* 

315570! 742261 

3'5H>| 74*559 
315113! 74**5* 

1314885 743*56 
1314657! 743454 
3144291 74375* 

1314201! 74405*^ 

3*3973 74434* 

V 5:'46 744645 
313518! 744943 
1* 3*9*1 ^65»4«- 

3*306^174553* 

. 3* **J7| 745*35 
131261 il 746132 
3123841 746429 

312157 7467*6 

3* >93* 7470*3 
3* *705 747119 
}i 1476 747616 
7479*3 
itioiii 74**09 









l>eg. 


1 91? j 

at i| I *8972 

ti i 89198! 

17 I 89+23; 

18 j 89648! 

19 j 89873’. 
ao 9C098; 
ti I 90323' 
aa 90S48 

»5 9077* 

Mf 14 9<i99<‘ 

15 9112U 

a 6 91444 

2 - 91 668 
18 91891 
29 91115 

3^^ , 91319 

31 ! 9156a 
31 91785; 
19 33 93C08; 

34 93*3*1 

35 93453 ; 

36 93676: 

37 93 * 95 ^ 

38 94iic> 

39 9434*1 

40 94564 

41 94786; 


TABLE V.^ 


! <^****^‘ ’ Tang. ! 

"i ^ j 

^ ; I 1018 748109 , 
^ iioSci 748 505 ’ 
? * 0577 ; 748801 ; 

J 1 103 51: 749097! 
J 10127; 749393' 

' 09901; ‘?49689 
[ ^> 9677 * 7499*5 
: 0945*, 750181 
* 09118^ 75057* 
C 9004 I 750 S 7 * 

: 08780 ! 751167 
I 085^6' 751461 
' 08331 75«;57 
J o8jc8 751051 

J 07885 75134 ' 

^ 07661 751641 
[ 0743 S 75*937 
, jori* 5 j 753 * 3 * 

, (06991 7535** 

, ;o67*9, 753**0 
, |o6547> 754**5 
5 io 65 i 4 754409 
^ jo 6 ica 754703 

. 05880; 754997 
3 05658 755 * 9 * 

, 0543*, 755585 

J ,05114 755878 
, 04993 ! 756171 
: 104771, 756465 
J ,04550 75 * 759 * 
i 1043*9 75705*; 
I . 04108 , 757345 ; 
J 03887 757638 
’03666 75793 * 
103446 758114 

| 03»*5 7585*7 

. 03005 , 758810 
■01785 759 * 0 * 
015*5 75939$ 
jo* 34 * 759”7 

|oaii 6 j 759979 

joi^, 760171 
I 01687 760564 
,01468 760856 
;.cti 49 761148 
01030 761439 I 


Ktc. 


I I Sec. 


4„^;*5»79*i 59*37, 
;;; (*5*495, 59307 
ll \ *5**99^ 593:8 ! 
Ill >50903: 59449 i 
*50607 59510! 
IJt *503“! 5959* ! 

lit >50015 5900*1 
.* 497 * 9 ; 59733 

*494*4 59804 i 
• 011 * 49**8 59875* 
IL *48833 5994* 
1qi *48538 60018 
491. *48143 *cc89! 
401 1*47948 *cif»o 

401 *47653 *013* 
iHuf I 
Iqi >47063 *0375 ‘ 

491 i*4*7*9 *0446 

4J0 *46180 60590 
4«0 *45885; *0661 ! 

490 >4559* 160733: 

4901*45003:608771 
490 *44709: *0948 ! 
TjJ ,1444*5 61010 i 

44 .* 44 *** *» 09 » j 

489 *438x8, 61164! 

lyi *43535 <^**37 ’ 
4«Q>43a4» 61309 
141948,6.38. j 
4K8 *+*^55; 6*453^ 

488 >4^*36X(6.515' 

48**4*069 6i|98; 
14*776:6.670 

Jjg 241483, 6174* I 

gg 141190 61815 
Jg* ,140898(6,887 
140605' 61960 s 

Jd, »394J«j*«5' , 
;,i »W'44! ««3H , 

;*t *5”f , ‘*3^ , 

^ 13856,1614691 


80 Deg, 


212 

.ni; 

n* ♦^15" 

,1., •*“'*5 

,,'399** 

1. ! ^'^*40 

^ 3',76* 

"Vi „6,7 

39554 
, ! 3948* 

.59 m*o 

*9 

tic' 59*95 
ic 59**3 

12c 5'>^5* 
3891*0 

3*9<=* 

,,o! 

3*7*5 

JO 3**9' 

il’' 3*'’'V 

to ' i*5-'7 

Tc< 3*475 

■i ’J*"’ 

111 3*53° 
::: 3**5» 
I.. 3*'«5 
: 3;.<3 
38040 

2, ‘ 

1 13783 $ 

^7749 
‘ 37 * 7 « 

„ 3 -fc .4 
! 37$1‘ 


3 
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TA BLE V.— Log. Sira, »c. S3 D«g 

D. I CoRcc. { Ttag. ( D. j Cot. | Soc. j I). 1 Uo». j 


Sai5 7 i 7 ia 8 


271771 799997 .66 *7^9 


17 7»76a8 a72j7i 800557 ^66 

18 717818 \\l 171171 «<»836 ♦ 

10 718017 r:: 17*973 8oiu6 


20 718117 17*773 f'*39<i 466 

21 718417 *7*573 801675 ♦ 

22 718626 271374 80*955 :66 

23 718815 ”, 17**75 802234 ^65 

32 24 7*9014 170976 802513 . 

15 719^13 170777 801792 

26 719411 170578 80307a 

27 729611 270379 803351 25; 

18 719810 2701XC 803630 

29 7300181 269982 803908.7.; 

30 7^*6 III 

3* 7304*5 llo 169585 8^44661 2^2, 

31 730613 ”0 [1693^7 804745; 

32 33 730811 ,,0)169*89 *‘^5013 .64! 

34 73*009 ”1*68991 5®550i|T6!i 

35 73*106 U =168794 ^‘^5580: Mj 
36] 73*404 Lg 11^8596 805859! Vj 
37 73*602 \ l 268398 8061371264 

38173*799 168101 806415 263 

39 173*996 jj *68^4 806693 j 
40173**93 5 ,k 167807 806971 263! 
4* 731390 167610 807249 

32 41 731587 1674*3 J^75*7 6j 

43 731784 ”i "J7i»6 807805 2^] J 

« in ; 

4‘ 7}}}7J in iJWi? »ol6j« 

47 7115*9 ?,! »^li *0*91 « V 

4* 7117*5 * ; *‘‘*35 »«»'91 

49 7119** Itl *“?39 *^471 Je, 

5® 714«57 *,4 »*5*41 »®974* 

I* S' 714351 .,4 *‘5*47 J'w»5 ^4, 

i 5* i 7H549 „4 1**545' »'03“ ,4, 

51 , 714744 ’ 5 i**5*5‘ *'C5*<> J4, 

54 714919 hi *‘5^' 

55 715'1S h; **^5 *"'J* +6i 

5* 71511® hi **4*7® *"♦1*141 

57 7155*5 h, *‘♦475 •"‘J? 461 

S» 7157*9 * * **4*»' 

$9 7159'4 **«;** *’**♦' 4*1 

i fe! 7|6 io9 8*4 |>63t9ij 8*2517 ^ t 


199723 1849 
'99443 1919 
199164 3009 
198884 3089 
98604 3169 

98315 3149 

98045 33»9 
97766 3409 

97487 34*9 
97208. 3569 
96928 3649 
96649 3730 
96370 3810 
96092 3890 
95813 3971 
95534 405* 
95255 4132 

94977 4212 
94698 4*93 
9442c 4374 
94*4* 4455 
93863 4535 
935*5 46*6 
93307 4697! 
93029 4778 

9175* 4859 
91473 4940 

92195 5021 
91917 5103! 

9*639 5*84! 

91362 5265 ! 

9*084 5346! 

90807 5418 
90529 5509' 
90252 5591 I 

89975 5671! 

89^8 5754 ! 
I9410 5836! 
89143 59*7 
88166 59991 
88590 6081 
If3»| 6163 I 
880361 6145 j 
«7759i 6317 I 
87483 64091 


i oo*. 


* ■ I203»9i •t25»7 \ZZJ£ll 



no 






8«i Deg 

0 ' 1 Sine 

1 9 - 


TABLE SiNBS, BTC. 

D. I Cosec. I Tang. | D. i Cot i Sec. 


S345 7W39Lir ^55^61 «h 893 

46 7449»« \,\ *5507^ ;5 

47 745**7 \A »54»«3 ;»5439 

48 745306 \,l M4694 ;^57 ‘|!;jj| 

49 745494 »545o6 

50 745683 M ^543*7 816259,2^5 

5* 745871 »54*»9 

52 746059 1,1 *5394* 8*6805 2>> 

53 746148 ],j *5375* *^707«j2y. 

33 54 746436 ,,, >53564 8*73S*L./ 

55 746614 I >53376 817614; 

56 746811 3 I 253188 827897:2^] 

57 746999 \ A >5300* 8281701 2^2 

58 747*87 \ l 251813 828442; 2jt 

59 747374 151616 82871 5“ 2^1 

34 o 747561 151438 828987: 2Jt 

I 747749 15115* 829260; J2 

a 747936 151064 819531, 

34 3 74«»13 3,1 h5'!77 5*9805! . ; 

4 7483*0 3,, h'^90 830077; 

5 74*497 15*503 830349 1 33 

6 748683 I,, ji5»3*7! 830621; 2 j| 

7 748870 f. . I251 1 30; 830893. t:: : 


6 "6*3»Oi i5»*'90j *30077; 

5 74*4971 >5' S°J *303« J5j 

6 74*M3 3 , >5'3I7!*3o»»';:5, 

7 74**70 J 15" 301*30*93, 

» 74905*1 1,0 *50944 *3' <6S'J” 
9 749*43! 1,0 *50757 *3*437, J” 
10 :494»9l ;,oI*5‘>57i *3*709; 

” I 749**5: J,o *503*5 *3*9**jj5j 
}4 ■> I 749*°* ,,o *50*99 *3»*53i 
<3 ' 7499*7 {00 *5«’*3! *3*5*5 
■ 4 ; 750*7* 149»**1 *1*79*' 

'5 ! 75015*! 1*49‘4* *33oM; 

*4 750543: *49457 *33339,^5, 

*7 7507*9; ioo *49*7* *33*"i*U 
•* 7509'4| H90»« *33***| 

*9 75*099j,og'*4!9®* !54'54;;5, 
** 7S**»4| jolj*4*7*‘ *344*5|J5 i 
54 »' 75 * 4 * 91,01 *** 51 * * 34 * 9*1 
*» 75>*$4i Lj >4»14* *349*7 
*3 75«»39 C *4**«> *35*3* 

*4 751o»}I:o 7 *47977 *35509;!;, 
25 75i>oijJ ; 147791 83578 o|2!/ 

16 751391 } \Jj 147608 836051I 45 

17 7515761 J ; >47414 *36311; 

if 75*7601 H7»4o 836j93iJJ, 

30 753«i8 ^ 146871 ! 857134!^^ 

. Cg>» ~T)- Soc t ^ot I D. 


75107 ; 0 » 54 | 
74834 0138 
74 S 6 > 0323 
74287 : 0407 
74014 ! 0492 
73741 ! 0376 
73468 0661 
73195 0746 
72922 0831 
72649 0915 
72376 1000 
7 H 03 1085 
71830 1170 
7»558 ‘>55 
71285 1341 
71013 1426 
70740 1511 
70468 1 596 
70194 1682 
69923 1767 
69651 1853 
69379 1938 
69107 2024 
68835 21 C 9 
68563 2195 
68291 2281 
68019 > 3 ^^ 

67747 >451 
67475 *538 

67204 2624 
66932 1710 
66661 2796 
66389 2882 
66118 2968 
65846 3054 
65575 3141 

65304 3127 
65033 33*1 
64762 < 3400 
64491 34*6 
64220 ! 3573 
65949 3659 
6367*1 3746 
65407 3833 

63136 3919 
62*66 ! 4C06 

Taiig. ; C«fc. 


34 ^ ^ 6 ^. 

\ h . ; Cot. \ 

12111 

,.,19846 1 

, 6 ’* , 9761 1 

41! 

,’,19593 

J'95o* 

,*,'94M 

*♦*,”” 
lit 9154 
,*,i9**9 5* 


9085 

6 

9000 

5 

8915 

4 

8830 

3 

8745 

2 

8659 

1 

8574 

M 

18489 

59 

! 8404 

55 58 

i 8318 

57 

1 8133 

56 

i 8147 

55 


I Ic62 

;iv 

11 ' 7 *’' 

7805 

41 77 ., 

i' 43 : ! 

754 * 
7461 

7^6 

•^5 7190 

,;«43 ,4 
1*^3 7 i »8 
7031 

, j *443 ^^6 

M 59 

*44 . ^ 

!, 1 6773 

6687 

»44!66co 

j* 44 ^ 

6427 
! *^^16341 

*64 6,17 
;« 65 ; 6 ^Ii 
5 W I 
TTIim “ 


55i Dag. 



Si| P»g. TABLE V— Loo. Sikes, »tc. 35 | Deg. 

• * I Sine I D. | Co«c. } Tang. ; D. { Cot j Sec. I D. | Cos. | 


34S0 

V 7533«a 
3* 753+95 

33 753679 

34 75386a 

35 754046 

36 754119 

37 7544** 
3* 754595 

34 39 754778 
40 754960 
4* 755*43 
4* 7553*6 

43 755508 

44 755690 

45 75587* 

46 756054 

47 756*36 
34 48 7564*8 

49 756600 

50 75678* 

51 756963 
5* 757*44 

53 7573*6 

54 757507 

55 757688 

56 757869 

34 57 758050 
58 758130 

; $9 7584* » 

M o 758591 

I 75877* 
* 75895 * 

3 759*3* 

4 7593** 

5 75949* 

35 6 75967* 
7 759851 
S 760031 
9 760111 

to 7603M 
II 7605^ 

11 76074* 
13 760917 

I 14 761106 

»S 761*1$ 

! — 

ftS 41 )eg. 


*4687* 837134 
3^ 146688 83740s 
\ o 6 *6^505 837675 
\ol *463** 837946 
*46138 838116, 
lo \ *^3954 838487] 

lal * 4577 * 838757; 
III *45588 839027! 
305 839 * 97 j 

* 45 * 1*1 839568' 

LI *45040; 839838: 

LI *44857 840108 

LI ^44674* 840378,] 

LI ^ 4449 *! 840647, ] 

L : * 443*0 8409*7, 1 
Lt * 44 ** 8 ; 841 187:] 

Lt H 3946 i 8414571] 
loj *43 764; > 4 ' 7 * 6 ;, 

*4358*184*996;. 

LI *43400 842166^ 

III * 43 ** 8 | 8415351, 

Li *43037)84*805; ^ 

Li *^^*56; 843074^^ 
LI *4*674 843343 , 

Ll 8436** 

III | 24 * 3 «*! 843881:' 
«i i*+'» 5 =', * 444 * 0 ; 

Ll * 4 ' 770: * 444*9 3 

L * 4 ' 5*9 * 4495 * 

Ll i* 4 ' 409 ! * 45**7 * 

100 *45494 ] 
*+5744 

?oo 1 * 40 *S *1 *44031 ^ 

?oo i* 404 »*i » 4 * 3 o» 

300 ;* 4 »so*j *44570 ; 

100 >* 40 J*»I * 44*39 , 

iL *4014* *47107 

,n *WJ« * 4 li»* 

*j».s» 14*449 

101 * 19071 ) * 4 » 7 ' 7 ’: 

y* HS 7 i$ ; > 4 »»$ 4 ^ 

0. i 8 m. i Cot r 


162^661 4.006 
16259514093 
162325 4180 
162054, 4267 
161784 4354 
161513 4441 
161243 45*8 
160973 461 5 
160703 4703 
160432 4790 
160162 4877 
159892 4965 
159622 5052 

‘59353 5‘40 
159083 5227 
158813 5315 
‘58543; 540 * 
‘ 58174 I 5490 

158004I 5578 
‘577341 5666 
‘57465! 57 54 
» 57 » 95 ! 584* 
1569261 5930 
I 56657! 60 1 8 
1 56388; 6106 
1 561 18| 6194 
155849 6282 
155580 6370 
155311 6459 
155042 6547 
‘54773 6635 
154504 6724 

*54*36 6813 
*53967 6901 
153698 6990 
153430 7078 

153161 7167 
151893 7156 
‘ 5*614 7H5 
*5*356 7434 
1510I7 7513 
151I19 7611 t 
151551 7701 ' 
151183 7790 
151014! 7$79 ; 

*5074617969 
Taitg. 1 Coa. 


11 5733 

Vs 

547* 
♦5 ei8c 


47 ^ 

47 

3453 

11 

47 

48 5**7 

It 3099 
% 30*0 

48 **55 

It 

It *‘55 

It **77 
It *J** 


iJifiL* 

Uriauie 




uu 


TA BL E V.— I xw. StMEts 


• f 

Sine 1 D. 

CO8CC., TMDg . 

D. 

Cot i Sec, 

ID.! Cofc i 

3»>5 

t6 

»7 

|8 

»9 

20 

21 

22 

»3 

35 »4 
IS 
26 
»7 

28 

29 

30 

31 

3 » 

35 33 

34 

35 

36 

37 

38! 

39 

40 

4 « ! 
35 4 » 

43 

44 

45 

46 

47 

48 

49 

50 

35 5 * 
5 » 

5 3 

54 

55 

56 

57 

58 

59 
iol 

u 

61285 

61464 

61642 

61821 

61999 

62177 

62356 

62534 

62712 

62889 

63067 

63245 

63422 

63600 

63777 

63954 

64131 

64308 

64485 

64662 

64838 

65015 

65191 

65367 

65544 

65720 

65896 

66072 

66247 

66423 

66598 

66774 

66949 

67124 

67300 

6747s 

67649 

678H 

67999 

68171 

68h8 

68522 

68697 

68871 

69045 

69219 

298 

298 

»97 

297 

297 

297 

296 

296 

296 

196 

296 

295 

» 9 S 

295 

295 

295 

294 

294 

294 

294 

»94 

294 

»93 ! 
»93 i 
*93 1 

*93! 

*93 

*93 

292 

292 

292 

291 

* 9 * 

291 

* 9 » 

291 

291 

291 

190 

290 

290 

290 

190 

10*2 

387*5 

38536 

38358 

38179 

38001 

37823 

37644 

37466 

37288 

37111 

36933 

36755 

36578 

3640c 

36223 

36046 

35869 

3569* 

355*5 

35338 

35162 

34985 

34809 

34633 

34456 

3428c 

34104 

339*8 

33753 

33577 

33402 

332261 

33 ^ 5 »j 

328761 

32700! 

3 * 5 * 5 ; 

3 » 35 » 

32176 

32001 

31827 

3*651 

1 » 47 * 

3*303 

JII29 

30955 

30781 

z 

* 49*54 
* 495 »» 
*49790 
850058 
850325 
850573 
850861 
851129 
851396 
85.664 
851931 
8 ,2199 
852466 

852713 

853001 

853268 

853535 

853802 
8 54069 

854336 

854603 

854870 

855*37 

855404 

855671 

855938 

8 56204! 
856471’ 

856737 

857C04: 
1 857170! 

1 857537 

i 857X03 
; 858069 
i 858336 
858602 
858868: 

1859*34 

[859400^ 
i 859666 

j * 5993*1 
i 1^198; 
1*60464' 
*60730 
*60995 

861261; 

447 

447 

446 

446 

446 

446 

446 

446 

446 

446 

446 

446 

446 

445 

445 

445 

445 

445 

445 

445 

445 

445 

445 

445 

444! 

444 

444; 

444 

444 ! 

444 1 

444 ! 

444 j 

444 1 

444 ! 

444 

443 

443 1 

443 

443 

443 

4431 

443 

443 

441 

443 

lO- j lO'O 

* 50746} 87969 
150478 88058 

1 50210! 88147 
* 4994*1 88237 
*496751 88326 
149407! 88416 
* 49*39 88505 
148871 88595 
148604I 88685 
148336; 88774 
148069’ 88864 
147801I 88954 
* 47534 | 89044 
147267I 89134 
1469991 89224 
146732! 89314 
146465; 89404 
146198! 89494 

14593M 89585 

145664; 89(175 

*45397; 89765 

14513c, 89856 
144863! 89946 
*44596; 9 *^^ 17 
* 443 * 9 ! 90*27 
1440621 90118 

*43796} 90309 

» 435 » 9 i 90399 
»43*6i| 90490 
142996 90581 1 
142730! 90671 1 
! 1424631 90763 1 
1421.77! 90854 1 
i * 4*91 *190945 j 
141664' 91036 ; 
1 * 4 * 39 * 9**27 1 
141132 91219 j 
g 140866 91310 f 
:I4 o6oo| 91401 1 
1*40334 9*493 i 
140068I 91584 
139802; 91676 

139536 9*767 
1392701 91859 
139005191951 
< 3 * 719 j 9*04*' 

*49 

*49 

*49 

*49 

*49 

*49 

149 

149 
15c 

150 

*50 

*50 

150 
.50 

* 5 ‘ 

15c 

i 5 <; 

* 5’-' 

*50 

* 5 * 

* 5 * 

* 5 * 

* 5 * 

*. 5 « 

1 * 5 *' 

|* 5 *i 

* 5*1 

151 
* 5 * 
* 5 * 
* 5 * 

*52 

152 
• 5 * 
> 5 * 
* 5 * 
*52 
152 
152 
152 
*53 
*53 
*53 
*53 
*53 

11 

12031 

11942 

‘*853 

1*763 

*1674 

11584 

11495 

**405 

»* 3*5 

1 11226 
'11136 

1 1C46 

*0956 

10866 

10776 

ic686 

10596 

IC506 

1041 5 

*0325 

10235 

10144 

10054 

09963 

09873 

09782 

09691 

09601 j 
09510 
09419 i 
09328; 
09:37 
09146 
090 K 5 
C8964 

08873 

08781 

08(590 

08599 

08507 

08416 

08324 

08233 

08141 

08049 

07958 

44 

43 

42 

4 * 

40 

39 

38 

54 37 
36 
35 
34 
31 
31 

3 * 

29 
54 *8 

1"' 

26 

25 

*4 

*1 

22 

21 

20 

$4 *9 
18 
*7 
16 
*5 
*4 
*3 
12 

1 1 

54 *0 

? 

1 

5 

4 

3 

2 

1 

M 0 




floe. 

Co4 j D. t 

Thiur. Om. lit Himt t 

'i • 

ft4f Dag. 54 Dag. j 



TABLE Loo, Suns, no. 

Sine [ I), j Cotec. | T«ng. | D. | Cot | Sec, { D. | Co*. 


’ 190 

1 ,L *30607 
' iDo 

' III *3o»«>o 

! Ill *300*7 

,8, **99 '3 

‘ tsl 

1 a88 **9567 

‘ a88 ”9394 
. ,88 «9»‘ 
a88 **904* 
a88 ”*^*75 

II7 

,87 *^*530 
is? ""*357 
. **»'«5 

1*7 “*;'3 
187 

,86 **7‘’‘9 
,86 **7«7 
,86 **73*5 
,86 »*^|3 

186 »*J9«» 
sa68io 

**6639 
1*1 **‘*9‘ 

g *,6.,s 
.85 **5959 

”S‘‘* 

1*4 *‘3»7' 
♦ *.5.0. 


91 

* 6 . , 6 . 
*‘■ 5*7 
*‘■ 79 * 
*6105* ♦♦* 

»‘* 3*3 :i: 
*‘*5*9 ^ 
****54 1^^ 

*‘33*? Z 

*‘39:5 Z 

*64180 ♦♦* 

*64445 

864710 

iclm 

865,40 « 
*‘S 5°5 it, 
*65770 ji; 

866035 

866300 

866564 

8668x9 

*6709; ij; 

?:■ 

867887 «; 
868151 

440 

868416 
868680 ^ 
868945 ^ 
869^^ 44c 

lE^oolI 

tt 440 


138739 1041 
138473! 2134 
138x08 22x6 
137942 2318 
137677 2410 

13741 I 2502 

137146 2594 
136881 2686 
136615 2778 
136350 2871 
136085 2963 
35820! 305 s 
35555 3*4« 
35290 3240 
35015 3333 
34760 3425 

34495 35** 

34230 3611 

33965 3704 
337001 3796 
33436 3889 

33*7*1 39*» 
329061 4075 
32642; 4168 
3*1377:4161 
3i**3'4355 
31848; 4448 

3158414541 
31320! 4634 

3*055 471* 

30791.4821 
J0527 4915 
30263 5008 
29999 5102 


54 

1: 7037 
6945 
5+ 6852 
6760 
54 6667 

It ^575 
11 Ml 

54 6389 

55 6204 
55 61., 

55 

59*5 

5*31 
II 5739 
II 555. 

<c 5459 

56 51“ 
56 5*7* 
S‘ 

i6 50*5 

iiiSJ 




JiOiqg 








5$1 Deg. 


Bine { D. , 
97 I 

7*937 ax 
77'“‘ xh 
77*75 ,8. 
77}H ,8i 
77®* 3 i8, 
777«* ji: 

7***9 ll] 

7***7 

7*455 ao 
7«H ,8 o 

It *»« 

7*9«5 ,80 
79‘** ,8o 

79*95 , 

794*3 

5^ i ‘”1 

S* *^’1 

F” *79 
*0300 ll 

80467 
*^^34 III 

80801 ,7» 
80968 ^7« 

^78 

».3o. ‘ 

5‘f* *77 
•‘‘54 ,„i 

' *“5* ViW 
l”l! * *i 
S 5 ‘‘! 

!*9‘' „6! 
*3’*7 ,76 i 

‘^:i! 
*17^2! : 

i~' cotri a I 


TABLE Y. 
. Cotec. } TttDg. 

I i22 j 2l I 

23063 73167! 
12894 73430: 

73694* 
;»»556 73957; 
21387 7422O; 
111! 19 74484! 
22050 747471 
21881 75010 
|»> 7»3 75*73! 

»>545 75536 
21376 75800 
21208 76063 
21C40 76326 
'’20872 76589 
20705 76851 
*20537 77ii4i 
10369 77377 
20202 77640 

2C034 77903 

19867 78165 
197CC 784281 
*9533 78691! 
19366 78953; 
19199 79216^ 
19032 79478 
18866 79741 
18699 80003) 
18531 80265! 
18366 80528I 
jiSico 80790; 
<18034 81052} 
117868 81314! 
1 1 7702 81576I 
117536 818391 
‘1737c 82101 
1 17204 823631 
*17039 82615I 
■16873 *»887j 
'16708 83148; 
I16542 83410I 
I16377 83672} 
16212 83934; 
16047 14*96, 
15882 I4457I 
15718 84719; 
<5553 »49 <o 
See. rCoL . 


—Loo. SlXEa, KTO. ?^4 

D. Cot I Sec. ! a 1 Co*. 1 


410 »®*33 096230 
16570^ 096324 j 
Zil 16306 096419 j 

410 »®^43i 096513 
4^9 25780 096608 
TiJ 255*6! 096702 
410 ,*5»S3| 096797 

Zil *4990 096892 
438 096986 

4.5 '14464 C97081 
iH-oc 097176 

>3957 097271 
4^8 13674 C97366 1 
;*}4' ■ <=97461 ! 
4 „ :»3*49 0975561 
41k ^^**6 097651 

4,8 097747 

438 097842 I 

♦38 1**?»7 097937 1 

418 >'*35 098033 ! 
4?8 I»* 57» 098128 I 
418 >*309 098224. 
47 09«3»9! 
110784 098415 ! 
2^' 20522 098510 
20159 098606 
J37 »9997 098702 
437 1973s 098^8 

<9471 098894 

2^; 19110 098990 
*8948 099086 
2^^ 1 1 8686 0991821 

2;, 1*8414 ^9917* ! 

2„!*8i6i C 9r;374, 

j‘7*9V ^9947* ; 
436 * 7637, 099567 

4.6 '7375 099663! 
;,6 >7**31 099760 I 

•685»i 099856 j 

2.6 {'^590) 099953} 
2 L *6318; ICO049 
4t6 *6066 100146 ; 
416 *5*04 J00243 i 

*00540) 
2^ *518*1 1C0436 
1502c 100533 : 
a iTmgJ Co». t 


Tf 

903770 
903676 
90358* 
90348: 
903391 
leg 903198 

903*03 
,Jg 903*08 
158 
.58 

,^8 90»8i4 

,;8 901719 

90*634 
ICO 901539 
icy 901444 

901349 

ICQ 901153 
,59 901158 

,rg 901063 

ICO 9'^'967 

< 9 

UO 

IW 9“'**‘ 
i« »®'5‘5 
t Z 90 '490 
1^ ’“'J?! 
,60 

■60 901 »o» 
,60 9°"°* 
,60!’°'°'° 
.<io 

,60 »^“''* 

ifiois'Ti 

160! 900626 

- I ftr.ftfift 


161 900337 
t 61 900140 

.6, 900.44 

.6J^f 


ili btg. 




TABLE V 


D. |Cot>ec. Ti 


1 10 


V. — Ijoo. di 


Tftng. j JD. 


^ I 1 

i ‘74 „53g* «« , 

5 ,lj *'S»>4; **5503 t?6 ' 
' ,!t »'5<’$9: **5765 ' 

5 114*951 M6o»6 fn I 

; ll \ i.473ii«»»«* III ■ 

) *73 1.4567! **6549 , 

) III i. 44«3'M6 *.c t” , 

' m *'♦*”( « 

5 -7- *‘4075; **7333 » 

> 1\ a»39»*i **7594 * 

t \ l \ 11374* **7*5^ III • 
i III 1,35*4; ***«t6 III , 
) III 1,34111*88377 I 
‘ ,7, *>3a5*| **8639 tM I 

» -!. !»» 3094i 8889CO , 

} j7, i»*i93‘' **9‘6 c ^ll , 

. ^Mx, 1768| *894x1 J] j, 

i -2,1605! 889682 J, 
J7I ia»»443! **9943^ * 

iL^, l*‘ «955j 890715' > 

5 -7 1*“79»! *909*^ilJi;« 

. J 11,630 89,2471 JIJ;, 

. 21,468; 89* soritjt j 

.|,7^;1«>3o6| *'J'76S|{”> 

21,144 892028; ,1 

ij 12,09821 8922*9; •, 

ij iicSioj 8925491 
i69;*'°*5«j *9>»‘°U3jl" 
l6^‘'°+’‘ !’3°70 434 " 

li ,6r*'°355i ?9333' Ui^" 

li 1,00,2) 89385,; ,( 

'1^ .09»5.|.94...1«:1.. 
' ,« *09«y®| JW37« ji' 

“ 10936*1 »94*9» J”," 
-*1*09107 *95151 
-6| i»°9<H* •9S4*»|in;>' 
”* iol**5 *95671 
!J; »t*7»s *9593* J„ >' 
*'*5«4 *9‘'9» Ji! " 
Je? *-'"4®4 *9*45* JH «' 
*‘7i,o*i43 *9*7 •» *”i«i 
a i 8ei. Oot. ■Sri" 


SK8, JSTC. 


I Cot. j »S 


3730 7*4447 
31 7*4^»» 
31 7*4776 

33 7*494* 

34 7*5*05 

35 7*5*69 

36 7*5433 

37 7*5597 
3* 7*576, 

37 39 7*59»5 

40 786089 

41 786151 
41 7*64,6 

43 786579 

44 786741 

45 7*6906 

46 7*7069 

47 7*7132 
37 48 787395 

49 7*7557; 

50 7*77io| 

5 * 787**3' 

51 7**045! 

53 788108 

54 7**370; 

55 7885311 

56 7**694 

37 57 788856I 

58 7890,81 

59 789180I 

M o 789342! 


, 789504 

1 789665 

3 7*9817 

4 7*998*1 

5 790149 
38 6 7903,0 

7 79047* 
* 79063* 
9 790791 
10 790954 

,, 79»**S 
It 791175 
>3 79*436 
14 79*596 
79*757 


884 D«g. 


,14758 0630 
**4497 0717 
1 14135 0814 
**3974 0911 
,137,1 ,0,9 
1,3451 1116 
113,90 11,3 
,11918 1311 
,,1667 ,408 
,11406 1506 
1,1145 *603 
1 , ,8*41 1701 

I, 1613 ,798 

II, 361 ,896 
1,1 ICO 1994 
1 ,0840 2092 

1 ,0579| 2,90 I 
, ,0318 2288 ' 
, 10057I 2386 j 
,09796; 2484 I 

*09535 2582 ! 

,09275 2680 i 
109014 277 8 i 
,08753 287'’ ; 
,08493: 29^5 
,08231 3074 : 
1C7972® 3 , 71 '• 
»077Uj 327, I 
* 0745 *! 3369 
,07,90) 3468) 
106930; 3567 j 
106669 3665 I 
106409 3764 1; 
io6f49 3863 i 

'05*89 3961 1 , 

105629; 4061 I 
10536*; 4,60 i 
105,08' 4159,' 
'04M: 4359 f, 
‘0458*; 445 * j 
' 0411 *: 4557 !, 
0406* 4657 ! 

'01*o«, 4756 ! 
'03H* 4*55 ; 

1031** 4955 1 
Twufi Cot. r 



ICofcl 1 

9*9 


9467 

30 

9370 

*2 

9*73 

18 

9,76 

17 

907 * 

26 

89*1 


*8*4 

14 

* 7*7 

13 

8689 

51 22 

8592 

1, 

*494 

20 

*397 

>9 

, 8299 

,8 

j 8201 

*7 

;8i04 

16 

j 8006 

*5 

! 790* 

*4 

i 7**0 

52 13 


631-7*2 

63 76*4 

6 - 75*6 

6474*8 

64 7320 
64' 7221 

64 7‘»3 

61 7025 
6^ ^926 
, 6828 


6!j*37i 

65:^3* 

ii*:: 

651 ”♦* 
66 
66 

66 5*4* 
66 J'+J 
— iSt* 
uniMi 





Peg. TABLE Y.—Loo. anria, re. 

« ' j Sine 1 V. Co»ec. Tang. D. Cot. } 

9 ^ ^ IZ ^Zl^- 

3815 79*757 , 6 ? J 967 i» 103188 4955 1 

>« 79 < 9<7 ^ 6 ? *“*'‘*5 111 ‘“’"i’ 

18 79**37 166 In 

19 791397 *66 *° 7^3 *97751 45 , 101149 535 + 

^o 79*557 *07443 *98010 J io. 990 j 5454 

21 791716 107184 * 98*70 ... 101730 5554 : 

** 79**76 *66 »° 71*4 * 9*530 101470 5654 

13 793035 266 ^06965 898789 loiiii 5754 

38 14 793195 16 c * 06*05 *99049 451 100951 5854 

*5 793354 Al *06646 * 9930 * ‘00692 5954 

16 793514 26 c * 064*6 * 9956 *} .-j 100431 6054 

17 793673 16 c * 063*7 * 99 ** 71. *2 100173 6154 

28 793831 106168 ) 900086 : 099914 6155 

*9i79399‘ 26 ; >o6cc.7 900346; T»; cu;9654 63^5 ! 
301794150 vA 205850 900605 ; 2 ' 099395 6456 

.lmio«^Jjxo 569 . 900864 ' 6 „ 

3*1794467 264 *° 5 S 33 9011*4 098876 6657 

t 8 It I 704626 i- 205374 901383 098617 6757 

1 m 7»4 *° 5*‘6 9016 +* 1 * 09855 * 6858 

35 79494 * *05058 901901 098099 6959 

6 ’Jl «>449 90 ». 6 o J 097840 70 ^ 

I 7 I 795*59 let *o+'+' tl* 

381795417 .el * 045*3 90 * 679 ] 0973*1 7 » 6 i 

19 795575 1 * 04415 ! 902938 : ’J' 097061 7362 

40 ■ 715733 *a’ 204267 I 903197 ; It, 1096803 7464 

4 ‘ ! 79 S» 9 ‘ ill !* 04 > 09 l 9034 S 5 i 

3 * 4 * ! 79*049 ,ei 43 ' itet 

43 1 79^*06 te’ tl - II nil 

44 ^ 79^*4 ,'*03636 904 * 3 *;::, 095768 7»68 

45 i 79 »S»‘ *03479 90449 ‘ J:, 095509 7970 

46 '796679 * 033 *' 904750 ,”, 095150 *071 

47)796836 A *03164 90500 *;*?, 09499 * *’73 

t*ilW 3 :: 905 * 67 , j: 0947311**74 

491797150 *A* 202*50 9055 » 6 |::, 094474 *376 

to|l 97307 te! »° 57 S 4 !ti: 094*16 *477 

til 797464 t 202536 9^43 I *^ 93957 ! 8579 ! 

^ U i wSiil ^M 79 906301 093698I *681 

ni 797777 ' *a' * 0***3 ^ 560:1 093440 * 7*3 

54 ! 79793 + t.' »o‘o 66 ' ^*'» 11 !*!* 

It : totolt )*e. 909 | 9 ^o 7 f « 09 * 9 * 1 ! * 9*7 
^6 ; 79 »* 47 | t$I 1*01753 90731*1 tn 109 * 66+1 90*9 

57 ! 798403 !»oi 597 | 907594 . t;, j 09 » 4 ^J 9 ‘ 9 ‘ 

58 I 798560 i 20»440 907852 JJ, |o 92 i 4 *» 9*93 

59 ^ 798716 ! 10 I 284 908111 ' 091889 9395 

J 2 WM 7 * *‘°!*o... 8!^369 **°! 09 i 63 ii 9 + 97 _ 

I Cc. D. I Hoe- I Cot, j I* , i Tiw ‘ 

»1| D«g. - 


8u D«g. 


66;t^t 


45I+.46 SI 3 ? 
/I +146 36 

et! *°*i 

Z 3946 34 

eiii*** 3 3 

1745 3 * 

?;:3544 30 

II 3444 29 


:4 3444 29 

e* 3393 $' 

,e«' 3*41 >7 

m'3'9’ 

^*31839 13 

6«I*739 »» 

^511638 n 

68*”^ 

|n»435 S« ‘9 

,/i»334 18 

‘^9! 2133 »7 

'^9,2.31 16 

‘j9;2o}o J$ 

'J9i ,929 14 

‘J9*,a»7 13 

'J9j,726 12 

‘®9, ,523 5* 

»7C>! 

1411 9 

•7<^ 1319 * 

1217 7 

‘70 ,,,5 6 

‘7° ,0.3 5 

‘7^:0911 4 

•7^ic8c9 $ 

'7‘^ic3W » 

*7^io6c5 I 

‘ 7^ 1 0503 j ftt o 
1 ). i KUi« ^ 


»435l S« ‘9 
»334 18 

»M3 ‘7 


61 Ptg. 











991 Deg 

• ' I aine 


»oS799 
«0595' III 
M,ci l\\ 
io«»54 
»o«4o6 l\l 

*06709 *„ 

Jo6*6« * * 
*07011 

^7>63 ,j, 

*<>r6-5 l \\ 

*07766 : , 

*079*7 

*0*067 

»o*..* ‘5 

*0*561 *5; 

»o*5'9 ,,o 

*0*669 

*0**19 

»S0 

5'“i’ *49 
*•0167 ^ 

9 ioa. 6 c 


14 

*10167 

15 

1 103 16 

16 

*10^65 

*7 

*10614 

1* 

*10763 

>9 

*10912 

20 

*11061 

21 

*11210 

22 


*3 

*11507^ 

*4 

*11655 

*1 

*11*04 

*6 

*11952 

*7 

*12100 

2* 

*12^14* 

*9 

*123^ 


8**544 


Ooi. 


119 


TABLE Y.— Loo. SiNia^ etc. 
Co»cc. | Tang. l>« | Cot | 
lo* 9* I lo* 1 10-11 

194.201 919962 g !o8oc38f 4163 
*94049 9»o»*9 :igi®797«* 4a6Ji 
*93*97 9*0476 :.g ;o 795*4 4373 
*91746 920733 2 g 079267 447« 
193594 920990 ♦ g ‘079010 4584 
*93443 9*«»47 Tig ;o7*7S3 46*9 
193291 921503 T-g 07*497 4795 
193140 911760 2 g 07*140 4900 
1929*9 922017 J3^gj0779*3 5006 
191*37 922274 ^g|o777a6 5111 
i 926«6 922530 2*g 077470 5217 
*9»535 9«7*7 T,8io77»*3 53M 
1923*5 923044 J^g 076956 543* 
192234 923300) ^g 1076700 5534 
1920*3 9M557;T,-4 o 76443 5640 
*9*913 9M**3;J., 0761*7 5746 
1917*11 924070* 2 M075930 5*5* 
191631! 9243*71 1075673 595* 

1914*1 9*45«3L,, ‘0754*7 6064 
191331 914*40 075160 6171 

1911*1 925096 2 ' I074904 6277 
191031 925352 Ji, 07464* 6383 
1908*1 925609 ;07439i 6490 

190731 925*65 7.;;o74*35 6596 
190581 926122 ^ ' 1073*'* 6703 
190431 91637* 073612 6809 

1901*1 926634 I073366 6916 

190131 926890 073110 7013 

1*99*3 927147 072*53 7119 

189*33 9*7403 t!' 071597 7136 
1*96*4 927659 071341 7343 

*«9535 9*79*5 I ' ,0720*5 7450 
1*93*6 92*171 i ; 071*19 7557 
1*9*37 9*84*7 I I 071573 7664 
1*901* 91*6*3 071317 7771 

1**939 9**940 071060 7*79 

1**790 929196 070*04 79*6 

1**642 92945* t-J 07054* *093 
1**493 92970S 2 ' 070292 *201 
1**3451929964 tJ 070036 *30* 
1**1961930220 ^ , 0697*0 *4>6 
i**C4* 930475 1-6 069525 *513 
1*7900 930731 069269 *631 

1*775* 9309*7 116 06^131*739 
1*7604 931243 1-4 06*757 8*47 
1*7456 931499 ^ <^»50> [ *954 1 
nScTl Cot D. i i Con. 




404 I>4g. 
i>. Vm. 
ru 

5*i7 IS 

il 573* *4 

ll 5‘»7 >J 

55»» »» 

ll 54‘6 11 

76 

76 5*05 9 

76 5*00 * 

yb 4W4 50 7 

76 ♦*!» ‘ 


76 ♦"77 4 

76 ♦S’* 3 

J ♦♦‘S 

76 43*° ' 

~ 4*S4 ftO o 

77 *2 

” 4«4» 49 5« 

77 ’2’* *2 

;; 3**9 5 * 


,7*! 30*4 49 49 

,,j'*977 4* 

7»:*‘7' 47 

i.764 4« 

,'S *<-57 45 

,,«'*550 44 

,'gi*445 4! 

179 *SS‘ 4* 

,791 ***» ♦' 

,77,,,,, 4,40 

,„i »«'«4 39 

,”| >907 }» 

,'J: <799 37 

i«i '*2* s® 

Ii2 '»*' 3* 

ilo "S| »' 

'04‘i4#S9 
Sim I ^ ' 


4«| 




40i Deg. 

« ' f Sinc. I 

I’Hl 


\ Cm. 

4 »4 


TABLE jr.- 

Coicc. ; Tang, j 

« o » I 9; I 

^*7456' 93*409 

*730*193*755 

87160! 93-010 
87011 931266 
86865! 931512! 
867171 931778 
86570: 933033 
86421! 933189 
*6175! 933545 
86118; 933800 
«59*»| 934056 
*5*34! 9343** 
85687 934567 
85540 93+813 
*5391 935*7* 
*5147 935333 
85100 9355*9 
*4954 935*44 
84807 936100 
84661 936355 
84515 936610 
84368 936866 
84111 937J11 

*4076 937376 
*393* 937631 
*37*5 9378*7 
83639 938141 

*3493 93*39* 
83348 93*651 
83101 938908 
83057 939163 
82911 939418 
81767 939673 
81611 939918 
81476 940183 
81331 94<H3* 
81187 94<>65^. 
81041 940949 
81897 941104 

*»7S3 94*45* 
81608 941714 
81464 941968 
I1319 94»M1 
81175 94M7* 
81031 941731 
I 80I87 9419*8 
806. Cot 


-Loo. Buriu^ ETC. 
b. I Cot I ftcc. 


Coa. I 


IV 1 V I 

l| , iii^4 

; ♦ J o6»J45 19061 
I » 067990 19170 

' 0*7734 '9»7* 

067471 19J«7 
t J , 067111 19495 
2 , 066967 1960J 
2 , 066711 19711 
426 °**45S >9*»o 

416 '»»** 


> 4,6 °*S*»9 “HS , 

■ 416 “?5433 »°»54 , 
♦ 065177 10363 

Tit 064911 10471 
2*4 064667 i05«o 
*ll o 644>- >0689 

*ll 064156 1079* , 

416 “ts?" 1 

*6 063645 110.6 i 
J 6 0633,0 lliiSj, 
T,{ 063134 11134 1, 
1,' 06187, *'344 I, 

061614! 11453 , 
1,1 061368 »I5 *» 
22^|o6iii 3 11671 I 
1061858 11781 ; 
jo6i6oi 11891 , 
‘061347 laooi 
061^1 lino 
2: ’<060837 11110 
2:? 060581 1*330 , 
m 060317 11440 
Ti’ 060071 **550 , 
2*1 059817 *»‘*o 
22’ 659$** »*770 , 
059306 **880 

221 "SS®*' **990, 
221 ®5*79* *3'oi 

1,1 05*54* *3*" , 
^1 io$8*86j *331* ‘ 
l221i<»$*oi*'*343»i, 
,2,1 0577771 *3543;, 
T2r,oJ75“i *3*53 i, 
221^57,67! *37*4 j, 
*** 0570«»l *3*75 1 

a Tmk- RSni 


I l£ 

.„! *'046 

io 

80 *21” 

80 *“‘■3 
Jo *0505 

80 *0397 

801891 

2 80180 . 

8007* 

8. 79963 

g 79*55 
; 79746 
8 79637 

81 795*9 
8, 

8 , 793** 

8^79^01 . 

82 79093 

III 7*9*4 
H 7**75 

7*766 

gjl 7*656 

8?! 7*547 

81I 7*43* 

7*3** 

J*I7»»*9 - 
a! 7**09 
gf I 77999 
77*90 

ill 777*0 4 

i|l 77670 
i 77560 
g| 77450 

77340 

4 77»30 * 
sJ 77»»o 
t? 77010 

8176899 

767*9 

U 7*457 

^ 761*5 4 

D. am'P 


*atlkg.| 




Itf Jkg ^ TABLE T .^ lao . 8on». 4^ : 

* i SfaM } {Coaoc. [ Tuig I D- f Cot | 80c. } D. | Coi. ) 


i 

*9**3 440 
* 9»57 ijo 
'»94«* Ho 

Iw7« !” 


39 I 8»ti»a 

30 1 131165 

31 ■ I11407 
31 I11550 

33 111693 

34 9»**35 

33 *»1977 

36 til I 10 

37 tiii6i 
3t I S11404 

39 I11546 

40 I tii6is 

41 I Siit3o 
41 1 IZ1971 

43 

44 *>3155 

45 *»3397 




»oM7 941911 05701 1| 

*«>T43 943*43 zA <>$^757 
*0599 94349* I*; 5056501 
*0455 94375* T.; 056*4* 

10311 944007 TTJ *055993 
*oi6l 944*6* 05573* 

*ooH 9445«7 0554*3 

79**0! 944771 Tl; 055119 
79737| 9450*6 054974 

79594' 945*** 054719 

7945o| 945535 054465 

79307 945790 " 054110 
79164 94604$ 2 ♦ 053955 
7Mi I 946199 053701 

7**7*' 9465541 ^ 053446 

7*735; 946*0* 053191 

7*593! 947063 II 051937 
7*450 9473** 0516*1 

7*307 94757* 05141* 5*79 

7*16$ 947I16 051174 5991 

7*013 94*0*1 05»?*9 6104 

77**0 94*336 051664 6116 

7773* 94*590 C$1410 631* 

77596 94W44 " 051156 6440 
77454 949099 TJ 050901 655a 
773«* 949353 Wl 050647 
77170! 949607 050393 

7701*! 949*61 0501 3* 

76**6 9501 16| 049**4 

76745! 950370} 2^ 049630 

766031 950615; 2,1 049375 


76461 950*79 2,2 049111 

76310 95 *» 33 j 2 J 04**67 
76179 95*3** 04*611 

76037 95*641 21: 04 * 35 * 
75*96 95 **^ 2^ 04*104 
75755 95**50 047*50 

75614 95*405 TTr 047595 
75473 95*659 ^ 047I4* 
7531 * 95 * 9*3 ^ 04^*7 
75191 953167 2it ®66*« 
75051 95)^1 2,: 046579 
749*0 953675 i,; 0463*5 
74770 9539 ^ 1 ?;: 04607* 
746*9 954 **J{Si 
744*9 I 5 i 4 | 7 r-lc!!il 5 l‘ 

iofr I Got nsTTsSiri 


“5 : ^ 

.» 7 | 

.tsi 

7001 

, tt \ 


®49iii 7J+I 
^*M7 74S3 ,•( 
I04I61. 75W „ 

|c4*35* 7*79 ,<• 


6115 

43 

6014 

44 

5904 

43 

5793 

4a 

$6*1 

4* 

557* 

40 

5459 

39 

5J4« 

3« 

S»J7 

4* 37 

5116 

36 

5014 

35 

4903 

34 

479* 

33 

468 :> 

3* 

456* 

3* 

4456 

30 

4344 

*9 

413* 

4I 18 

4111 

17 

4009 
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3*111 617*9 7*009 

3*344 ‘‘‘5* 7*>‘i 

3*477 ‘'5>3 7*3'5 

3*‘‘o , , 61390 7*76* 

**’** 111 ‘‘*5* 

3**75 ‘”>5 79>74 

39007 60993 79517 

39'4» „o 
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TABUS XIX. 

Oomioir AWD llTf^ntBouv Ixmakitiiiiii. 




a*3<»S»5* 
4*6051701 
^'9077551 
91103404 
Ii-5ia9i5$ 
13*8155106 
16*1180957 
1 8*4106807 
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*8695890 

1*3018834 
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3*0400614 
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(s.) Bin » a 1 till a . cot «. 

(3.) Bin 3 « «i 3 tin « — 4 (tin «)*. 

(4.) 8tn4««>cota {4tma — S (tin «)*}• 

(5.) Sin 5 a s tin a ~ 2c(iin «)* 4* » ^ (tin «)*. 

(6.) Sin «« « t" fin fi . * **" * 

(7.) - cot a { (2 tin 0) f (1 tin «) . 


(9.) Cot 20 M 2 (cosa)*-> 1. 

(la) Cot 3« *4 (eot«i*--3 cot a. 
(11.) Cot 4 o » i (foi a}* - 8 (cot «)* -f 
(12.) Cot .50 * i6(cota)*'-20 (oot fl] 


(13,) Cotfia»i 


-•■f Ac.}. 


(14.) T«j- 
(15.) Ttn 2 «< 
(16.) Tan 3 m 
(17.) T«ji4« 
(il.) Tu s« 


tana 

t 4- v/ I -f (tan^ 

2 ttn a 

"* 1 — (tan a)*‘ 

3 tan g — (tan «)’ 

JJun a) ' 

^4 tana —4 (tan . 

"* I — 6 (tan «)* 4 - (ton •)* 

5 tan g — 10 (ton g)’ -f (ton a)\ 
** I — lo (too g)*+ 5 (to» «)* 
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(V) •» B.toty 4 It tiny rMfk 
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. . It ^in a 
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dx 
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( 6 .) 

(7.) •inx. 
(8.) co*x. 

(9.) Uin X. 


m j in which m it the modulnt of the 
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[1 ■■ 1*7181818.] 
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(10.) cotx. 

(u.) (linx)’. 
(u.) (cOix)». 


jtmx . crwx. 


(13 ) (lanx)*. 
(14.) (cn«x)’. 


(15 ') fin-'x. 


Vi - x^ 


(16.) eot~‘ X. 




(»8) 


I + x^ 

d (»x) ^ 
d X d X 


<■’> 




(10.) /x . f X . ^x. 


{11.) ft?, in which • 
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+ H,— 


a ^ ' fr ) 

d X a X 
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i•7l!9986 

10**810014 
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1 14C-C 10 
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C'CC« < 04^48 
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4 4637161 

•3 51^»739 

length of arc i (rad ^yr-ng nuttt 

I'-- 

c CJ-.1C31VI 

1 141 8774 

1 ^•75t^ll6 

Lmgtb of tin 1 (rad tiruy uiutjr 
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0 oi*’4>J4v6 

1 241X553 

II 75*»447 

Kadtof rrdoerd U* arrondt 


$ 

5 .3»443 5‘ 

46855749 

^ to minitu’* . 

tz. 

3437 

3 5362-39 

6 4637x61 

M p, d* gf( n 
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ntbm It I ' 
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to 36**157 

?fo of Pfroch inrTrr* m a 
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j o'2l98i37 
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loiar 

at 

X 131530! 

0 3*16916 

96713084 

Ha. of Eafliab f»ti in a Freneb 
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.02 

^ 194 ^ 9*5 ' 

0 foff laS 
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Ea. of K«fluK jmrda in a Frowli { 
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j 
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0-05II716 
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Ha. of Eti«li*b hm in a French ] 
tnetet ....... i 


i 
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TABLE XXVitl. 

Uairut Ncmmim, with tacui Loca 


' ComplemMit 
,of Lafarithnv 


No, of imp. lU. Aroird- in n 
Fitmch f(nimni'» .... 
No. of En^li»h cwu. in a French 

I Etlo^rratnine j 

No. of imp. gallon! in a French ' 

litre * I 

No, of Sexagetitnal drgre*'! in a 
Centottmal dt'grw . . . . j 

No. of Koxagetimal minutf* in a ; 

Conleiinuil minute . . . j 

No. of Nexagraimal aecorKi* in n 1 
C^nteaimal lecond . . . j 

Weight of A cubic fwtl of pun* 1 
water in lbs Aroini tb^* li.tr ' 
being 3a, and the Thrr. hi J 
Length in iiuhe« of a pfinlubiin | 
which vibrtt.-! •. cnnd! in the 

latitude of (ire^^iiwh h . . J 
Velocity (in feet per eecoudi | 
acquired in a eecond by a „ 
bmly falling in viiruo in 1 *~ *■ 
the Ul. of (Jreeuwich , J 
No. of cubic inchei in an im ^ 

perial galloD j 

No. of feet in a utalnle mile 
No. of fret in a geographical or 

mniic^il mile j 

Diurnat aKTrleration of •tirt j 

(s= eipfe!* 'd m 

mean iolar tecund* . . . j 

ilidoroal day \ ^ 13*' 4’ > 9 ‘ ! 

expreawHl in mean eolar dai $ , 
X«au *nlar day j 

(atVl* <»<»• 

r*pre*»edl in eidcrcal diye J 
Sidereal rerolution of Fiarth ex I 
|Mn»eed in mean euUr d tx » . J 
Tropical revolution of Kiirth ex- 
preaoed in moan aolar dnyi . j 
Barth! equaV'ral radm* rx- ' 

preaeod in foot f 

Banh ! polur mdiu! «xpre«»ed in 

looi J 

OomproMioo of the EAfth . . 

Xi«tigth of a degTHtf c 4 latitude in ) 
fWt at the Equator . . . f 

Length of a d gree of latitude in j 
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1 170560x1 
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!'oHS 7575 
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! i 
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”1 30a 
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